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SCHOOL  OF  ENGINEERING 

GRADUATE  PROGRAMS 

CALENDAR 

1972-73* 

Fall  Quarter 

September  18 

Monday . 

.  .  .  .Registration. 

September  21 

Thursday . 

. . .  Instruction  begins. 

October  6 

Friday  . 

.  .  .  .  Last  day  for  late  registration  and 
adding  of  courses. 

November  23-24 

Thursday-Friday .  .  .  . 

.  . .  .Thanksgiving  recess,  academic  and 
administrative  holidays. 

November  29 

Wednesday . 

.  .  .  .Last  day  for  withdrawing  from 
classes. 

December  4-8 
December  11  to 

Monday-Friday . 

.  .  .  .Fall  quarter  examinations. 

January  2 

Monday-Tuesday .  .  . 

.  .  .  .  Christmas  recess. 

Winter  Quarter 

December  27 

Wednesday . 

.  .  .  .Registration. 

January  4 

Thursday . 

. .  .  .Instruction  begins. 

January  12 

Friday . 

.  . .  .  Martin  Luther  King’s  birthday,  aca- 
demic  and  administrative  holiday. 

January  15 

Monday . 

.  .  .  .Last  day  for  late  registration  and 
adding  classes. 

February  19 

Monday . 

.  .  .  .Washington’s  Birthday,  academic  and 
administrative  holiday. 

March  9 

Friday . 

.  . .  .  Last  day  to  withdraw  from  classes. 

March  14-19 

Wednesday-Monday . 

. .  .  Winter  quarter  examinations. 

Spring  Quarter 

March  21 

Wednesday  . 

.  .  .  .  Registration. 

March  26 

Monday . 

.  .  .  .Instruction  begins. 

April  20 

Friday . 

.  . . .  Good  Friday,  academic  and  adminis- 
trative  holiday. 

May  28 

Monday . 

. .  .  .Memorial  Day,  administrative  and 
academic  holiday. 

June  1 

Friday  . 

.  .  .  .Last  day  to  withdraw  from  courses. 

June  11-15 

Monday-Friday . 

.  .  .  .Spring  quarter  examinations. 

June  16 

Saturday . 

. .  .  ,122nd  Commencement. 

Summer  Session 

June  18 

Monday . 

.  . .  .Registration. 

June  19 

Tuesday . 

...  Instruction  begins. 

*  All  dates  are  inclusive  dates. 
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HISTORICAL  PERSPECTIVE 


On  January  12,  1777,  six  months  after  the  signing  of  the  Declaration  of  Inde¬ 
pendence,  a  cross  was  planted  at  a  site  in  the  present  city  of  Santa  Clara  by  a 
Franciscan  Padre,  Tomas  de  la  Pena,  to  mark  the  founding  of  the  eighth  of  California’s 
original  twenty-one  missions,  Santa  Clara  de  Assis. 

Three  quarters  of  a  century  elapsed  before  the  University  of  Santa  Clara  or  Santa 
Clara  College  as  it  was  first  known,  opened  its  doors  as  an  institution  of  higher  learn¬ 
ing.  In  the  intervening  years,  however,  the  Mission  served  as  a  spiritual  center  and 
school  for  the  Indians. 

In  1851,  the  new  Dominican  bishop  of  San  Francisco,  Joseph  Sadoc  Alemany, 
asked  the  Jesuit  Father  John  Nobili,  formerly  of  the  Oregon  Missions,  to  begin  a 
college  at  the  Mission  of  Santa  Clara.  With  the  bishop’s  words  of  encouragement  and 
his  personal  gift  of  $50,  Father  Nobili  opened  the  classroom  doors  in  May.  During  his 
first  academic  year,  1851-52,  Father  Nobili  and  a  faculty  of  three  other  Jesuit  priests 
and  four  lay  professors  gave  instructions  to  twenty-six  students  in  arts,  sciences,  music 
and  drama. 

April  28,  1855,  Santa  Clara  College  received  its  charter  from  the  State  of  Cali¬ 
fornia  in  full  legal  approbation  of  the  school’s  academic  functions.  Slow  but  steady 
growth  followed  and  distinguished  graduates  became  prominent  members  of  Califor¬ 
nia  life.  However,  it  was  not  until  the  Schools  of  Law  and  Engineering  were  founded 
in  1912  and  the  courses  in  the  Humanities  and  the  Sciences  were  expanded  that  the 
College  became  the  University  of  Santa  Clara. 

Meeting  the  demands  of  urban  growth  in  the  Santa  Clara  Valley,  the  courses  in 
commerce  and  finance  were  likewise  amplified  in  1926  and  the  University’s  School  of 
Business  Administration  began. 

From  the  1930’s  through  World  War  II,  the  University’s  enrollment  was  relatively 
small.  With  the  return  of  many  war  veterans  came  an  enlarged  student  body,  new 
resources  and  an  expanded  curricula  that  led  Santa  Clara  into  a  new  era  of  rapid 
growth  and  development. 

From  the  post-war  period  to  the  present  time,  the  face  of  the  campus  has  been 
changing  and  expanding.  Eighteen  new  buildings  costing  approximately  $15  million 
have  been  added  on  the  67-acre  campus.  Today,  the  University  has  total  assets  of  more 
than  $55  million  and  an  annual  budget  of  some  $15  million. 

In  1961,  the  University  announced  a  major  change  in  policy  and  accepted  women 
students  for  the  first  time.  Now  fully  coeducational,  the  undergraduate  student  body 
numbers  3,255  which  includes  1,179  women.  The  Law  School  graduate  programs  in 
education,  engineering,  business,  history,  mathematics  and  English  bring  the  total  en¬ 
rollment  to  6,085. 
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LOCATION 


The  University  of  Santa  Clara  is  46  miles  from  San  Francisco  near  the  southern 
tip  of  the  Bay.  Railroad  and  bus  and  car  transportation  by  freeway  places  the  re¬ 
nowned  cultural  and  entertainment  centers  of  San  Francisco,  Berkeley,  Oakland  and 
Marin  County  within  one  hour’s  travel.  In  the  opposite  direction  are  the  beaches  of 
Santa  Cruz,  and  less  than  two-thirds  drive  from  the  campus  is  the  world-famed 
Monterey  Peninsula  and  Carmel. 

The  University  is  accessible  by  all  major  railroads,  and  by  major  airlines  via  San 
Jose  Municipal  Airport  just  three  miles  away  and  via  San  Francisco  and  Oakland 
International  Airports. 
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THE  UNIVERSITY 
OF  SANTA  CLARA 


EXISTING  BUILDINGS 

1  Daly  Science  Center 

2  Alumni  Science  Hall 

3  Seifert  Gymnasium 

4  O'Connor  Hall 

5  De  Saisset  Art  Gallery 

6  Nobili  Hall 

7  Mission  Church 

8  Walsh  Administration  Build 

9  Faculty  Club 

10  Jesuit  Faculty  Residence 

11  Heafey  Law  Library 

12  Varsi  Hall 

13  Service  Building 

14  Ricard  Observatory 

15  Donohoe  Infirmary 

16  Kenna  Hall  -  Business 

17  Bergin  Hall 

18  Walsh  Hall 


A  Strub  Hall 
B  Swig  Hall 
C  O’Neill  Hall 
D  Hancock  Hall 
E  Campisi  Hall 
F  Sanfilippo  Hall 


AIMS  AND  OBJECTIVES 

The  University  of  Santa  Clara  is  an  institution  of  higher  learning  founded  by  the 
Jesuit  Fathers  in  1851.  The  University  is  governed  by  a  Board  of  Trustees  of  laymen 
and  Jesuits. 

Its  principal  objective  is  to  provide  superior  undergraduate  education  in  the 
liberal  arts,  in  the  sciences  and  in  the  professions  of  business  and  engineering  to  a 
student  body  of  limited  size  and  of  high  ability. 

It  also  offers  selected  graduate  programs  in  business,  engineering,  law  and 
humanities  and  sciences. 

It  presents  programs  in  theology,  scripture,  and  other  religious  studies  which 
include  the  major  religious  traditions  but  with  emphasis  on  the  Catholic  tradition. 

It  encourages  research  as  an  important  part  of  graduate  and  undergraduate 
education. 

It  encourages  experimentation  and  innovation  in  teaching  methods  and  curriculum 
to  make  the  education  more  relevant  to  contemporary  society  and  the  needs  of  modern 
man. 

It  welcomes  professors  and  students  of  all  races,  religions,  and  national  origins. 

It  provides  special  assistance  to  disadvantaged  students,  not  only  to  help  solve 
social  injustice,  but  also  to  diversify  the  student  body  in  a  way  that  will  better  prepare 
all  the  students  to  contribute  to  a  pluralistic  society. 

Within  this  diversity  it  offers  the  opportunity  for  spiritual  growth  in  private  life  and 
in  the  Christian  community  and  worship  which  it  fosters. 

It  is  a  scholarly  community  in  which  students,  professors  and  administrators, 
united  in  the  search  for  truth,  are  actively  involved  in  the  formulation  and  implementa¬ 
tion  of  institutional  policy,  and  share  responsibility  for  creating  and  maintaining  an 
atmosphere  in  which  all  have  freedom  to  learn,  freedom  to  inquire  and  freedom  to 
express  themselves. 

Santa  Clara  recognizes  the  importance  of  bringing  to  students,  professors  and 
the  community  at  large,  current  and  influential  thought  from  the  mainstream  of  con¬ 
temporary  life  in  philosophy,  literature,  science,  the  arts,  politics,  religion  and  other 
cultural  areas  through  public  discussion,  seminars,  conferences  and  exhibitions.  These 
will  not  necessarily  reflect  the  University  position,  nor  agree  with  majority  opinion,  and 
they  will  not  constitute  an  endorsement  since  they  may  represent  divergent  views. 

Board  of  Trustees 
University  of  Santa  Clara 
November  19,  1968 
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The  School  of  Engineering 

Robert  J.  Parden,  Ph.D.,  Dean 

To  the  goals  of  fundamental  knowledge — an  inquiring  mind,  good  habits  of  self- 
discipline,  the  professional  school  adds  the  requirement  of  preparation  to  make  a 
specific  social  contribution.  Engineering  knowledge  was  once  passed  from  generation 
to  generation  in  the  familiar  pattern  of  the  apprenticeship.  With  the  increasingly  com¬ 
plex  applications  of  science  which  provided  the  groundwork  for  the  Industrial  Revolu¬ 
tion,  those  who  were  charged  with  applying  science  to  the  needs  of  the  society  in  which 
they  lived — engineers — turned  to  the  universities  for  increased  formal  preparation  in 
science  and  mathematics.  To  accelerate  the  rate  at  which  knowledge  of  contemporary 
engineering  applications  could  be  learned  above  that  of  the  apprenticeship,  schools 
of  engineering  developed — extending  the  curriculum  beyond  science  and  mathematics 
to  include  the  methodology  of  engineering  applications.  Not  only  were  the  traditional 
goals  of  the  University  embraced,  but  to  them  were  added  specific  professional  needs 
— needs  not  only  of  the  individual,  but  of  the  profession  he  represents. 

The  function  of  engineering  is  to  bridge  science  and  society;  to  modify  nature  to 
meet  the  needs  of  society  within  the  restrictions  dictated  by  social,  political  and 
economic  considerations. 

In  order  to  act  as  the  bridge  between  science  and  society,  the  engineer  must  be 
both  knowledgeable  in  science  and  sensitive  to  the  means  which  can  be  used  to 
satisfy  social  needs. 

The  rapid  expansion  of  knowledge  and  complexity  in  all  areas  of  science  and 
engineering  suggests  the-  need  to  both  broaden  the  educational  program  and  to 
increase  specialization.  Both  goals  cannot  be  accomplished  in  four  years  of  under¬ 
graduate  study;  hence,  the  development  of  the  graduate  program. 

The  engineering  activity  requires  all  types  of  people  with  different  interests, 
preparations,  and  abilities.  Regardless  of  the  field  of  engineering,  there  is  a  pattern 
of  assignments  describing  the  kinds  of  jobs  in  which  engineers  engage.  These  include: 

Technical  Management  in  which  the  engineer  directs  a  team  of  engineers — 
technicians,  mechanics,  and  other  skilled  artisans. 

Consulting  in  which  the  engineer  alone,  or  as  part  of  a  firm,  offers  his  services 
to  a  client  needing  professional  counsel. 

Design  in  which  the  engineer  plans  structures  or  systems,  using  his  knowledge  of 
scientific  principles  and  the  properties  of  materials. 

Research  and  Development  in  which  the  engineer  seeks  additional  knowledge 
about  basic,  physical  phenomena  and  develops  this  knowledge  into  a  product  or 
service.  In  this  assignment  the  engineer  works  closely  with  the  scientist,  and  often  their 
division  of  labor  is  difficult  to  identify. 

Construction  and  Production  in  which  the  engineer  translates  the  design  engineer’s 
drawings  and  specifications  into  structures,  machines,  or  systems. 

Teaching  in  engineering  schools  and  colleges. 

These  are  general  assignments.  Engineers  also  undertake  assignments  which 
require  background  and  experience,  such  as  administration,  management,  and  sales. 
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ENGINEERING  AT  SANTA  CLARA 


The  undergraduate  programs  leading  to  the  Bachelor  of  Science  in  Engineering 
and  in  Civil,  Electrical,  and  Mechanical  Engineering  were  first  offered  at  the  University 
of  Santa  Clara  in  1912.  They  were  accredited  by  The  Engineers  Council  for  Professional 
Development  in  1937.  Since  that  time,  the  Master  of  Science  in  Civil,  Electrical,  and 
Mechanical  Engineering,  in  Engineering  Mechanics,  in  Applied  Mathematics,  the  Master 
of  Science  in  Engineering,  the  Engineer’s  degree  in  Electrical,  Mechanical,  and  Engi¬ 
neering  Mechanics,  and  the  Doctor  of  Philosophy  in  Electrical  Engineering  programs 
have  been  added. 


FACILITIES  FOR  ENGINEERING 


The  School  of  Engineering’s  laboratories  are  contained  in  three  buildings  in  the 
Sullivan  Engineering  Center  built  in  1960.  A  lecture,  seminar,  and  office  building  is 
planned  to  complete  the  School  of  Engineering  complex. 


Civil  Engineering  Laboratories 

The  Mechanics  of  Materials  Laboratory  contains  testing  machines  which  have  a 
maximum  capacity  of  200,000  pounds.  Hardness,  fatigue,  impact,  torsion  testing  and 
photoelastic  equipment  are  used  for  instruction  and  research.  A  wide  selection  of 
electric  strain-gaging  apparatus  is  available  for  static,  dynamic,  and  repeated  loads. 
These  include  regular  and  recording  oscilloscopes,  low-frequency  strain  recorders,  and 
static  strain  indicators. 

The  Soil  Mechanics  Laboratory  is  equipped  with  the  most  recently  developed 
apparatus  for  the  physical  testing  of  soils.  The  laboratory  contains  consolidation  de¬ 
vices  and  triaxial  compression  testing  units  equipped  for  controlled  stress,  controlled 
strain,  or  cyclic  loading,  and  equipment  for  sampling  preparation,  permeability  tests, 
laboratory  compaction  of  soils,  and  determination  of  water  content,  specific  gravity, 
and  consistency  limits. 
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Electrical  Engineering  Laboratories 

Laboratories  and  facilities  are  available  for  research  and  instruction  in  electrical 
machinery,  electric  controls  and  servomechanisms,  computing,  electrical  measure¬ 
ments,  electronics,  and  communications.  Electrical  power  over  wide  ranges  of  fre¬ 
quency  and  voltage  is  available  in  every  laboratory. 

The  Computing  Laboratory  contains  a  general  purpose  analog  computer,  record¬ 
ing  and  other  accessory  equipment.  The  analog  computer  provides  the  necessary 
facilities  for  the  analysis  of  a  wide  variety  of  dynamical  problems.  The  development  of 
new  computing  devices  and  techniques  is  a  part  of  this  laboratory’s  activity.  Experi¬ 
mental  procedures  are  developed  in  laboratory  sessions. 

In  addition  to  this  analog  computer  facility  within  the  Department,  a  general  pur¬ 
pose  digital  computer  is  located  nearby.  Computing  time  is  available  for  regularly 
scheduled  instructional  classes  and  for  the  research  activities  of  graduate  students 
and  the  Engineering  faculty. 

The  Electronics  and  Communications  Laboratories  provide  modern  facilities  in 
electronics,  wire  communications,  radio  communication,  and  microwaves.  These  lab¬ 
oratories  are  equipped  with  signal  generators,  oscillators,  precision  bridges,  cathode- 
ray  oscilloscopes,  Q-meters,  a  wave  analyzer,  an  artificial  transmission  line,  and  other 
precision  measuring  equipment. 

The  Control  Systems  Laboratory  is  well-equipped  with  modern  instruments  for 
experimental  studies  of  individual  control-system  components  and  of  complete  systems. 
In  addition  to  the  usual  electronic  test  equipment,  there  is  equipment  for  construction 
and  test  of  many  types  of  servos,  modern  oscillographic  recorders,  and  numerous 
analog  and  digital  components.  From  time  to  time  additional  special-purpose  test 
equipment  is  constructed  to  facilitate  studies  of  adaptive  control  systems,  digital  con¬ 
trol  systems,  and  carrier  control  systems,  among  others.  This  equipment  is  frequently 
supplemented  by  the  use  of  analog  and  digital  computers  located  in  adjacent  labora¬ 
tories. 

The  interdisciplinary  program  in  bioengineering  utilizes  facilities  in  Engineering, 
Biology,  and  Chemistry  on  campus;  the  medical  research  facilities  of  an  adjacent 
hospital  are  appropriate  for  certain  research  interests. 
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Mechanical  Engineering  Laboratories 

The  Mechanical  Engineering  Laboratories  include  bench  laboratories  and  a  high- 
bay  facility  for  experimentation  in  free-fall  systems,  fluid  mechanics,  thermodynamics, 
heat  and  mass  transfer,  propulsion,  combustion,  power  generation,  and  air  conditioning. 

A  variety  of  internal  combustion  engines  installed  on  dynamometer  stands  can  be 
used  for  studies  in  diesel  and  spark-ignited  engine  performance.  An  axial-flow  fan 
with  adjustable  blades  attached  to  a  wind  tunnel  permits  a  variety  of  experiments  to 
be  performed  in  aerodynamics  and  turbomachinery. 

The  fluid  dynamics  area  contains  equipment  to  illustrate  the  principles  of  fluid 
flow  and  to  familiarize  the  student  with  basic  elements  of  hydraulic  machinery  and 
their  associated  instrumentation.  Each  device  may  be  supplied  directly  from  a  pump 
or  from  a  constant  level  standpipe  with  a  25-foot  head. 

Included  in  the  Mechanical  Engineering  Laboratories  is  the  equipment  associated 
with  electro-mechanical  energy  conversion.  A  variety  of  direct-  and  alternating-current 
machines,  transformers,  and  associated  equipment  is  available. 

A  unique  approach  is  made  in  utilization  of  a  complete  metal  processing  facility. 
The  first  course  in  this  area  is  taught  by  an  engineer  in  order  that  the  students  become 
familiar  with  machine-tool  processes  from  an  engineering  design  point  of  view.  The 
student  further  utilizes  the  shop  facility  during  his  thesis  activities.  The  facility  is  also 
utilized  for  construction  and  maintenance  of  experimental  apparatus. 

Recent  additions  to  the  laboratory  facilities  are  a  calorimeter  for  determining 
human  metabolic  behavior,  high  vacuum  fuel  ignition  apparatus,  and  electronic  instru¬ 
mentation  for  detailed  study  of  combustion  exhaust  pollutants. 
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Data  Processing  Center 

The  Data  Processing  Center  of  the  University  is  located  in  the  Sullivan  Engineer¬ 
ing  Center.  IBM  1130  and  360-25  digital  computers  are  used  for  teaching  and  research 
by  faculty  members  and  students.  Introduction  to  computer  programming  is  part  of 
the  freshman  design  course.  Several  undergraduate  courses  require  the  use  of  this 
facility  as  part  of  their  regular  laboratory.  Other  computer  facilities  are  available  in 
the  Electrical  Engineering  Laboratories. 


RIGHTS  RESERVED 


The  curriculum  and  regulations  affecting  students  may  be  revised  at  any  time  at 
the  discretion  of  the  University  administration. 
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The  School  of  Engineering  offers  graduate  work  leading  to  the  Master  of  Science 
degree  in  Electrical  and  Mechanical  Engineering,  Engineering  Mechanics,  Applied 
Mathematics  and  the  Master  of  Science  in  Engineering.  The  Engineer’s  Degree  is 
awarded  in  Electrical  and  Mechanical  Engineering  and  in  Engineering  Mechanics.  The 
Doctor  of  Philosophy  degree  may  be  earned  in  Electrical  Engineering. 

While  most  graduate  students  have  undergraduate  preparation  in  an  engineering 
curriculum,  it  is  feasible  to  enter  from  chemistry,  physics,  or  mathematics.  The  amount 
of  undergraduate  work  which  must  be  undertaken  before  the  degree  program  is  de¬ 
pendent  upon  the  specific  preparation  and  the  degree  sought. 

MASTER  OF  SCIENCE  PROGRAM 

Entrance  Requirements 

Application  for  admission  to  graduate  standing  should  be  made  to  the  Dean  of 
the  School  of  Engineering  on  the  form  available  from  that  office.  Official  transcript  of 
record  covering  all  college  and  university  work  completed  to  date,  together  with 
official  evidence  of  degrees  conferred,  must  be  received  prior  to  admission  as  a  grad¬ 
uate  student.  Two  separate,  original  and  official  records  must  be  presented  from  each 
institution  previously  attended. 

Students  will  be  admitted  to  Degree  candidacy  at  initial  enrollment  at  Santa  Clara 
if  they: 

1.  Received  their  Bachelor’s  degree  in  Engineering  from  an  ECPD  accredited 
four-year  program  substantially  equivalent  to  that  of  Santa  Clara,  and  plan  to 
undertake  a  graduate  program  in  the  same  field. 

2.  Accomplished  a  scholastic  average  of  at  least  2.75  (based  on  a  4.0  maximum) 
in  the  technical  work  of  the  last  two  undergraduate  years. 

3.  Submit  their  application  and  supporting  credentials  at  least  six  weeks  before 
registration  for  the  quarter  of  initial  enrollment. 

4.  Develop  a  program  of  studies  with  their  assigned  advisor  before  registration 
and  file  it  with  the  Dean  of  the  School  of  Engineering.  A  letter  requesting 
Degree  candidacy  should  be  attached  to  the  program  of  studies. 

Students  who  have  earned  a  Bachelor’s  degree  in  a  four-year  engineering,  science, 
or  mathematics  program  substantially  equivalent  to  that  of  Santa  Clara  but  who  do  not 
initially  meet  the  Degree  Candidate  requirements,  will  be  allowed  to  enroll  for  grad¬ 
uate  work  at  the  discretion  of  the  Graduate  Admissions  Committee.  The  School  re¬ 
serves  the  right  to  deny  admission  if  the  previous  program  has  not  been  of  such 
character  as  to  furnish  an  adequate  foundation  for  advanced  academic  study.  In  order 
to  insure  processing  of  applications,  they  must  be  received,  together  with  transcripts 
of  previous  work,  at  least  four  weeks  before  registration  for  the  initial  enrollment. 
Material  received  later  may  prevent  or  delay  registration  and  subject  the  student  to 
the  late  registration  fee. 
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Program  of  Studies 

The  student,  who  is  admitted  to  degree  candidacy  upon  entrance,  files  a  Program 
of  Studies  at  that  time.  All  other  students  must  file  a  Program  of  Studies  when  they 
have  accumulated  ten  quarter  units  of  work  at  Santa  Clara,  including  units  transferred 
from  other  institutions,  and  before  they  have  accumulated  twenty  quarter  units.  At  least 
twenty-five  quarter  units,  applicable  to  a  degree,  must  be  earned  after  the  Program 
of  Studies  is  filed.  Otherwise,  there  is  no  guarantee  that  completed  courses  will  be 
accepted  towards  a  degree. 

The  Program  of  Studies  is  a  plan  of  study  which,  when  satisfactorily  completed, 
will  merit  receipt  of  the  appropriate  degree.  It  is  initiated  by  the  student  on  the  ap¬ 
propriate  form,  approved  by  the  faculty  member  assigned  by  the  major  department, 
and  filed  in  the  office  of  the  Dean  of  the  School  of  Engineering. 

Degree  Candidacy 

Each  student  seeking  a  degree  must  file  for  Degree  Candidacy  before  he  has 
completed  35  quarter  units.  At  least  ten  quarter  units  must  be  completed  at  Santa 
Clara  after  Degree  Candidacy  is  received.  Since  a  3.0  grade  point  average  is  required 
in  work  taken  in  graduate  standing  to  earn  the  Master’s  degree,  candidacy  will  not  be 
granted  until  that  achievement  level  is  reached. 

Master’s  Thesis 

All  students  who  seek  the  Master’s  degree  and  are  enrolled  on  a  full-time  basis 
must  submit  a  Master’s  Thesis  unless  specifically  exempt.  Students  who  wish  to  substi¬ 
tute  course  work  must  receive  written  permission  from  the  major  department  to  make 
the  substitution. 


Master’s  Degree  Requirements 

The  Master’s  degree  will  be  granted  to  degree  candidates  who  complete  a  pro¬ 
gram  of  studies  which  has  been  approved  by  the  major  department.  It  must  include 
no  less  than  45  quarter-hours  of  which  nine  may  be  earned  by  completing  a  thesis.  In 
addition,  a  quality  level  of  3.0  (a  B  average)  must  be  earned  in  course  work  taken  at 
Santa  Clara  while  enrolled  in  the  Graduate  Degree  Program.  Residence  requirements 
of  the  University  will  be  met  by  completing  36  quarter-hours  of  the  graduate  program 
at  Santa  Clara.  All  units  applied  toward  the  degree,  including  those  transferred  from 
other  institutions,  must  be  within  a  six-year  period. 

All  degree  candidates  must  file  a  degree  application  with  the  Dean  of  the  School 
of  Engineering  at  least  two  months  before  the  day  on  which  the  degree  is  to  be 
granted.  A  degree  application  form  may  be  obtained  from  the  same  office. 

Department  Requirements 
Civil  Engineering  and  Engineering  Mechanics 

The  program  in  Civil  Engineering  emphasizes  the  field  of  Engineering  Mechanics; 
consequently,  the  degree  may  be  taken  in  Civil  Engineering  or  Engineering  Mechanics. 
The  following  courses  must  be  taken  by  every  candidate  for  the  Master’s  degree. 
Adjustment  of  this  requirement  may  be  made  in  special  cases. 
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AM 

130 

Applied  Mathematics  1. 

CE 

150 

Advanced  Strength  of  Materials  1. 

CE 

154 

Statically  Indeterminate  Structures  1. 

CE 

157 

Theory  of  Plates. 

CE 

158 

Theory  of  Shells  1. 

CE 

165 

Dynamics  of  Structures  1. 

CE 

168 

Theory  of  Stability  of  Structures  1. 

Electrical  Engineering 

Program  of  Studies:  The  program  of  studies  must  contain  a  minimum  of  25  Electri¬ 
cal  Engineering  units  and  must  include: 

(1)  One  graduate  course  in  Electromagnetic  Fields 

(2)  One  of. the  following  sequences: 

(a)  AM  135  and  AM  136,  Complex  Variable  Theory 
EE  211,  Modern  Network  Analysis  I 

either  EE  212,  Modern  Network  Analysis  II 
or  EE  213,  Linear  System  Analysis 

(b)  AM  145,  Introduction  to  Matrices  I,  two  courses  numbered  between 
EE  301  and  EE  329,  Introduction  to  Digital  Systems,  and 

EE  236,  Introduction  to  Time  Domain  Analysis 

(3)  One  graduate  course  in  Modern  Network  Analysis  or  synthesis 

(4)  One  graduate  course  in  Control  Systems 

(5)  One  graduate  course  in  Electronics 

(6)  Three  Applied  Math  Courses 

(7)  Two  courses  with  a  Science  Orientation  which  must  contain  a  substantial 
amount  of  physical  or  chemical  theory,  or  technology.  A  partial  list  of  ac¬ 
ceptable  subjects  include:  Modern  Physics,  quantum  physics,  quantum  elec¬ 
trons,  solid  state  physics,  semiconductor  device  theory,  classical  electromag¬ 
netism,  physics  of  magnetism,  classical  and  statistical  mechanics,  and  plasma 
physics. 

Adjustment  of  these  requirements  and  alterations  in  the  program  of  studies  must 
be  by  way  of  petition  initiated  by  the  student  through  his  faculty  advisor. 

Degree  Candidacy:  Students  not  admitted  to  Degree  Candidacy  at  initial  enroll¬ 
ment  must  complete  item  (2)  under  program  of  studies  to  become  eligible  for  Degree 
Candidacy. 

Mechanical  Engineering 

A  program  of  studies  to  meet  the  interest  of  the  individual  should  be  developed 
with  a  member  of  the  Department.  Candidates  for  the  Master’s  degree  must  submit 
their  proposed  program  for  departmental  approval  upon  filing  for  candidacy  status. 
The  program  must  contain  at  least  six  units  in  advanced  mathematics  and  one  course 
in  modern  physics.  A  maximum  of  5  units  may  be  taken  in  the  Graduate  School  of 
Business  upon  department  approval. 
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MASTER  OF  SCIENCE  IN  ENGINEERING 


This  program  was  initiated  to  accommodate  those  who  wish  to  seek  goals  which 
do  not  fall  within  the  patterns  of  the  designated  degree  programs.  A  program  which 
combines  engineering,  mathematics,  and  the  physical  and  life  sciences  might  be  a 
desired  plan.  The  program  must  be  made  up  of  courses  in  engineering,  mathematics, 
or  science;  approved  by  an  advisor,  and  filed  at  the  time  degree  candidacy  is  sought. 

MASTER  OF  SCIENCE  IN  APPLIED  MATHEMATICS 

The  Applied  Mathematics  program  is  open  to  those  students  who  have  earned  a 
B.S.  degree  in  Engineering,  Science,  or  Mathematics.  A  minimum  of  36  quarter-hours 
of  mathematics  must  have  been  completed.  The  undergraduate  preparation  must  include 
courses  through  the  calculus  (16  quarter-units),  differential  equations  (4  quarter-units), 
advanced  calculus  (4  quarter-units),  algebra  (modern  algebra,  linear  algebra,  or  matrix 
theory)  (4  quarter-units),  complex  variables  (4  quarter-units).  The  remaining  hours  may 
be  satisfied  by  courses  in  applied  mathematics  or  analysis. 

The  courses  for  the  Master’s  degree  must  include  no  less  than  30  quarter-hours 
in  Applied  Mathematics  of  which  a  minimum  of  12  quarter-hours  must  be  in  200-level 
courses.  The  balance  of  the  program  may  be  in  related  areas  in  engineering  or  physics. 

Before  admission  to  candidacy  for  the  degree  of  Master  of  Science  in  Applied 
Mathematics,  all  students  must  pass  a  preliminary  examination  on  basic  mathematics 
in  the  area  of  differential  and  integral  calculus,  differential  equations,  applied  mathe¬ 
matics  (Fourier  Series  and  Laplace  Transforms)  and  complex  variables.  This  examina¬ 
tion  may  be  taken  any  time  after  admission  to  the  graduate  school  but  must  be  taken 
before  application  for  candidacy  for  the  Master’s  degree. 

THE  ENGINEER’S  DEGREE  PROGRAM 

The  program  leading  to  the  degree  of  Engineer  is  particularly  designed  for  the 
continuing  education  of  the  practicing  engineer.  It  is  offered  in  Electrical  and  Mechani¬ 
cal  Engineering,  and  Engineering  Mechanics.  The  degree  is  granted  upon  completion 
of  an  approved  academic  program  and  a  record  of  acceptable  technical  achievement 
in  the  candidate’s  field  of  engineering.  The  academic  program  consists  of  a  minimum 
of  45  quarter-units  beyond  the  Master’s  degree.  Courses  are  selected  to  advance  the 
engineer’s  competence  in  specific  areas  relating  to  his  professional  work.  Evidence 
of  technical  achievement  must  include  a  paper  authored  principally  by  the  candidate 
and  of  such  quality  as  to  be  published  in  a  recognized  engineering  journal.  All  papers 
must  be  submitted  to  appropriate  journals  at  the  time  they  are  submitted  to  the 
department. 

Admission  to  the  program  will  in  general  be  granted  only  to  those  students  who 
demonstrate  superior  ability  in  meeting  the  requirements  for  their  Master’s  degree. 
Normally,  the  Master’s  degree  would  be  earned  in  the  same  field  as  that  in  which  the 
Engineer’s  degree  is  sought. 

A  program  of  studies  for  the  Engineer’s  degree  should  be  developed  with  the 
assistance  of  an  advisor  and  submitted  during  the  first  term  of  enrollment.  An  applica¬ 
tion  for  degree  candidacy  must  be  submitted  prior  to  the  completion  of  ten  quarter- 
units  of  course  work. 

Students  should  consult  the  departments  for  specific  degree  requirements. 
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THE  DOCTOR  OF  PHILOSOPHY  PROGRAM 

The  degree  of  Doctor  of  Philosophy  is  conferred  by  the  School  of  Engineering 
primarily  in  recognition  of  competence  in  the  subject  field  and  the  ability  to  investigate 
engineering  problems  independently.  The  work  for  the  degree  consists  of  engineering 
research  and  the  preparation  of  a  thesis  describing  it,  and  a  program  of  advanced 
studies  in  engineering,  mathematics,  and  related  physical  sciences.  The  student’s  work 
is  directed  by  the  department,  subject  to  the  general  supervision  of  the  School  of 
Engineering.  Currently,  Electrical  Engineering  is  the  only  department  granting  the 
degree. 

Requirements  for  Admission 

All  applicants  for  the  doctoral  program  are  required  to  take  the  Advanced  Engi¬ 
neering  Test  of  the  Graduate  Record  Examination  administered  by  the  Educational 
Testing  Service,  4640  Hollywood  Boulevard,  Los  Angeles,  California  90027,  or  20 
Nassau  Street,  Princeton,  New  Jersey  08540.  The  Testing  Service  must  be  requested 
to  forward  the  results  to  the  Dean,  School  of  Engineering.  An  academic  achievement  of 
the  Master’s  level,  or  its  equivalent,  is  required  of  all  applicants.  Students  who  have 
earned  the  Master’s  degree  from  the  University  of  Santa  Clara  must  file  a  new  applica¬ 
tion  to  continue  work  toward  the  Doctor’s  degree. 

All  applicants  for  doctoral  degree  programs  who  have  been  admitted  by  the 
School  of  Engineering  to  advanced  standing  shall  present  themselves  for  preliminary 
examinations  by  their  major  department  at  such  times  as  shall  be  set  by  the  depart¬ 
ments.  These  examinations  shall  be  written  and/or  oral  and  shall  include  fundamentals 
of  mathematics  and  the  physical  sciences,  as  well  as  engineering  subjects. 

Only  those  applicants  who  have  shown  sufficient  background  and  promise  in  the 
preliminary  examinations  shall  be  accepted  as  doctoral  candidates.  The  preliminary 
examinations  may  be  repeated  only  once,  and  then  only  after  one  year. 

The  applicant  should: 

1.  Submit  an  Application  for  Admission  to  the  Engineering  School. 

2.  Submit  a  list  of  three  references  who  can  attest  to  the  potential  of  the  candidate. 

3.  Submit  a  500-word  biography  indicating  the  applicant’s  academic,  research, 
and  professional  goals. 

4.  Submit,  if  requested,  copies  of  theses,  papers,  or  reports  written  by  the 
applicant. 

5.  Submit  copies  of  transcripts  of  academic  records  at  all  universities  attended. 
Please  request  the  Registrar  of  each  university  to  forward  the  transcript  directly 
to  the  Dean,  School  of  Engineering. 

Registration 

Students  are  required  to  file  a  program  of  studies  with  the  Department  during  the 
first  semester  of  attendance.  This  program  must  be  approved  by  the  Graduate  Pro¬ 
grams  Committee.  The  student’s  advisor  must  approve  the  portion  of  the  program  to 
be  undertaken  each  quarter,  whether  it  is  research,  course  work,  or  independent 
reading.  An  amended  program  must  be  filed  to  record  any  changes  from  the  original 
program.  Changes  must  be  approved  by  the  Graduate  Programs  Committee. 

A  student  will  not  receive  credit  for  a  course  unless  properly  registered.  Units 
assigned  for  research  shall  be  determined  by  the  instructor.  The  instructor  may  reduce 
the  number  of  research  units  for  any  term  in  which  the  anticipated  research  progress 
is  not  attained. 
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General  Requirements 

The  Doctor’s  degree  is  granted  primarily  on  the  basis  of  achievement,  rather  than 
on  the  accumulation  of  units  of  credit.  However,  the  candidate  is  expected  to  have 
completed  three  academic  years  of  residence  in  a  graduate  program  beyond  the 
Bachelor’s  degree.  Generally  this  is  interpreted  to  mean  a  minimum  of  135  quarter-units 
of  graduate  credit.  Of  these,  a  total  of  45  may  be  earned  as  research  credit  for  the 
Master’s  and  Doctor’s  theses.  Normally  the  remainder  is  earned  through  course  work 
and  independent  study. 

Residence:  A  minimum  of  eleven  months’  full-time  study  must  be  undertaken  at 
the  University  for  the  doctorate.  The  residency  time  shall  normally  correspond  to  the 
period  of  the  oral  examinations  and  the  completion  of  the  thesis.  This  may  be  accom¬ 
plished  in  one  calendar  year  or  four  full-time  summer  terms. 

Admission  to  Candidacy:  Upon  completion  of  the  formal  course  program  of  studies, 
as  approved  by  the  Graduate  Programs  Committee,  the  student  shall  present  himself 
for  comprehensive  examinations  on  the  subjects  of  his  course  work.  The  arrangements 
for  the  comprehensive  examinations  shall  be  initiated  by  the  student  through  the 
Graduate  Programs  Committee. 

Those  students  who  have  performed  satisfactorily  on  the  comprehensive  examina¬ 
tions  may  apply  for  degree  candidacy  by  submitting  a  formal  letter  of  application  to 
the  Dean  of  the  School  of  Engineering.  This  must  be  accompanied  by  a  statement  of 
intent  of  research  supervision  by  the  student’s  thesis  advisor  and  a  letter  of  recom¬ 
mendation  by  the  Department  Chairman.  It  shall  be  the  student’s  responsibility  to 
arrange  for  a  thesis  advisor. 

The  comprehensive  examinations  normally  must  be  completed  within  five  years 
from  the  time  which  the  student  has  been  admitted  to  advanced  standing.  Compre¬ 
hensive  examinations  may  be  repeated  only  once. 

Preparation  for  Research:  The  Doctoral  candidate  shall  request  his  thesis  advisor 
and  the  Department  Chairman  to  form  a  Doctoral  Committee.  This  committee  shall 
consist  of  at  least  five  members,  including  the  thesis  advisor  and  two  additional 
members  from  the  major  department.  The  committee  shall  include  two  members  from 
the  Mathematics  and/or  Physical  Science  departments. 

The  Doctoral  Committee  shall  determine  language  requirements,  and  any  further 
studies  which  may  be  required. 

Oral  Examination:  Within  a  period  of  three  years  after  admission  to  candidacy, 
the  student  must  normally  make  arrangements  with  the  Doctoral  Committee  for  the 
oral  examination  on  his  research  and  thesis.  This  examination  shall  be  conducted  by 
the  Doctoral  Committee  and  whomever  they  appoint  as  examiners.  The  thesis  must  be 
made  available  to  all  examiners  one  month  prior  to  the  examination.  The  oral  examina¬ 
tion  shall  consist  of  a  presentation  of  the  thesis,  which  shall  not  exceed  forty  minutes, 
and  the  defense  of  the  thesis,  which  shall  not  exceed  one  hour.  This  examination  shall 
be  open  to  all  faculty  members  of  the  University  of  Santa  Clara  and  shall  be  announced 
two  weeks  prior  to  the  examination  date. 

Thesis:  At  least  one  month  before  the  degree  is  to  be  conferred,  the  candidate 
must  submit  to  the  Dean  of  the  School  of  Engineering  two  copies,  ribbon  or  repro¬ 
duced,  of  the  thesis  describing  his  research  in  its  entirety.  The  thesis  shall  not  be 
considered  as  accepted  until  it  has  been  approved  by  the  Doctoral  Committee,  and 
until  one  or  more  articles  based  upon  it  have  been  accepted  for  publication  by  an 
acceptable  professional  or  scientific  journal. 
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The  requirements  for  the  Doctor’s  degree  by  the  School  of  Engineering  have  been 
made  to  establish  the  structure  in  which  the  degree  may  be  earned.  Upon  written 
approval  of  the  Academic  Vice  President,  the  Dean  of  the  School  of  Engineering,  and 
the  Chairman  of  the  Department,  other  degree  requirements  may  be  established.  The 
Faculty  of  the  University  reserves  the  right  to  evaluate  both  the  undertakings  and 
the  accomplishments  of  the  degree  candidate  in  total  and  award  or  withhold  the 
degree  as  a  result  of  its  deliberations. 
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INFORMATION  FOR  THE  GUIDANCE  OF  ALL 
GRADUATE  STUDENTS 


Standards  of  Scholarship 

Only  courses  in  which  the  student  has  assigned  grades  of  A,  B,  or  C  may  be 
counted  in  satisfaction  of  the  requirements  for  the  Master’s  degree.  The  student  must 
earn  a  3.0  average  in  all  courses  taken  at  Santa  Clara  as  a  graduate  student  to  be 
eligible  for  the  degree.  Only  credit,  and  not  grade-points,  are  transferred  from  other 
institutions.  The  Dean  of  the  School  of  Engineering  will  request  students  to  terminate 
enrollment  when  satisfactory  progress  towards  a  degree  is  not  being  maintained. 

Readmission 

An  application  for  readmission  is  required  of  persons  whose  enrollment  in  the 
University  lapses  for  two  consecutive  terms,  not  including  summer  terms.  A  regular 
admission  form  will  be  used  with  the  readmission  status  marked  on  it.  Applicants  for 
readmission  must  submit  transcripts  of  the  latest  graduate  work  completed  in  other 
departments  of  the  University,  together  with  official  transcripts  of  study  completed 
elsewhere  since  the  previous  enrollment. 

Academic  Loads 

It  is  recommended  that  work-study  students  limit  their  course  load  upon  their 
initial  registration  to  a  maximum  of  four  quarter-hours.  Despite  the  convenience  of  the 
hours  of  class  meeting,  the  additional  time  for  study,  plus  other  responsibilities,  may 
lead  to  an  overestimation  of  the  quality  of  work  that  can  be  maintained  under  these 
conditions.  Students  enrolled  under  a  work-study  plan  may  not  enroll  for  more  than 
six  quarter-hours.  Students  enrolling  for  more  than  six  quarter-hours  will  be  considered 
resident  students  and  subject  to  the  appropriate  regulations. 

Resident  students  with  a  research  or  teaching  assistantship  will  not  be  allowed  to 
enroll  in  more  than  twelve  quarter-hours  in  any  quarter,  and  no  graduate  student  may 
exceed  fifteen  quarter-hours  in  any  one  quarter.  Ten  quarter-hours  is  considered  the 
minimum  load  for  full-time  enrollment. 

Courses  Completed  at  Other  Institutions 

A  maximum  of  nine  quarter-hours  of  credit  may  be  transferred  from  other  institu¬ 
tions  at  the  discretion  of  the  Graduate  Committee.  Eligible  courses  include  those  taken 
as  a  graduate  student  in  which  a  grade  of  B  or  better  was  earned. 

Foreign  Students 

Admission  to  graduate  study  is  based  on  records  of  undergraduate  work.  If  this 
study  was  in  a  language  other  than  English,  the  individual’s  ability  to  undertake  a 
program  wherein  the  instruction  is  in  English  is  difficult  to  determine.  The  University 
will  strongly  encourage  review  courses  in  English  and  appropriate  undergraduate 
courses,  not  for  graduate  credit,  when  it  feels  that  an  individual’s  progress  is  suffering 
because  of  a  language  difficulty. 

A  foreign  student  who  is  accepted  for  enrollment  in  the  University  of  Santa  Clara 
will  receive  a  certificate  of  acceptance,  which  he  must  show  to  the  consular  officer  of 
the  United  States  to  whom  he  applies  for  a  student  visa.  Foreign  students  must  main¬ 
tain  an  enrollment  level  of  at  least  ten  quarter-hours  each  term. 
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TUITION  AND  FEES 


Application  Charge  . $20.00 

This  charge  is  to  be  sent  with  each  application  form  and  is  not  refundable. 

Tuition,  per  quarter  hour  for  all  courses,  including  Thesis .  45.00 

Auditing  Fee,  per  quarter  hour  for  all  courses .  45.00 

Late  Application  or  Late  Registration  Fee .  20.00 

Comprehensive  Written  Examination  Fee .  10.00 

Graduation  and  Thesis  binding  fees  will  be  assessed  at  the  time  application  is  made 
for  the  degree. 

Refund  of  Tuition 

Any  student  formally  withdrawing  prior  to  the  fourth  meeting  of  any  regularly 
scheduled  class  will  receive  a  refund  of  one-half  of  the  tuition  for  that  class.  No  refunds 
will  be  made  subsequent  to  the  fourth  meeting.  The  date  on  which  written  notice  of 
withdrawal  is  received  by  the  Dean  of  the  School  of  Engineering  will  determine  the 
refund,  not  the  date  of  last  attendance  by  the  student.  No  refunds  will  be  made  by 
virtue  of  curtailment  of  services  brought  about  as  a  result  of  strikes,  acts  of  God,  civil 
insurrection,  riots  or  the  threat  thereof,  or  other  causes  beyond  the  control  of  the 
University. 


FINANCIAL  AIDS 

Financial  assistance  at  the  University  of  Santa  Clara  is  awarded  on  the  basis  of 
demonstrated  leadership  and  character,  superior  academic  record,  and  financial  need. 
Assistance  generally  is  categorized  as  scholarships,  loans,  deferred  payment  plans 
and  jobs. 

Loans 

Because  scholarships  and  grants  are  limited,  many  students  applying  for  aid  find 
the  most  advantageous  method  of  financing  their  education  through  a  loan  program. 
Among  those  available  to  students  of  the  Graduate  School  of  Engineering  are  the 
National  Defense  Student  Loan  program,  United  Student  Aid  Funds  Inc.,  and  Federally 
Insured  Loans.  Application  forms  and  further  information  may  be  obtained  from  the 
Office  of  Financial  Aids,  University  of  Santa  Clara. 

Scholarships 

Besides  the  conditions  laid  down  by  the  donors,  all  scholarships  administered  by 
the  University  are  subject  to  the  following  conditions: 

1.  In  selecting  students  for  scholarship  benefits,  evidence  of  financial  need  is 
required.  From  the  applicants  who  satisfy  this  requirement,  preference  will 
be  given  to  students  with  higher  scholastic  attainments. 

2.  A  student  who  holds  a  scholarship  must  file  a  petition  for  renewal  each  year. 
Petitions  for  new  or  renewed  scholarships  by  students  already  in  attendance 
at  the  University  must  be  submitted  before  January  15. 

3.  Scholarships  may  be  cancelled  at  any  time  for  serious  infractions  of  the  rules 
and  regulations  of  the  University. 

4.  As  a  general  rule,  undergraduate  applicants  receive  priority  consideration  for 
the  different  financial  aids  for  which  both  graduate  and  undergraduate  students 
are  eligible  to  apply. 
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COUNSELING  SERVICES 


A  variety  of  counseling  services  are  conveniently  available  to  all  students.  The 
University  Chaplain  and  his  assistant  provide  religious  guidance  in  personal  interviews 
and  during  the  University  retreats.  The  Dean  of  the  School  of  Engineering  and  the 
professors  of  the  student’s  major  department  usually  take  care  of  the  academic 
counseling  of  the  students. 

The  University  Counseling  Center  is  complementary  to,  and  supportive  of,  the 
total  university  counseling,  guidance  and  advisement  effort.  A  professional  staff  of 
psychologists  and  guidance  specialists  is  available  to  aid  the  students  in  dealing  with 
academic,  occupational  planning,  and  personal-social  problems  which  may  confront 
them  as  maturing  men  and  women.  Counseling  and  testing  procedures  are  used  that 
are  appropriate  to  the  student’s  needs.  The  fundamental  objective  of  these  services  is 
to  enable  the  student  to  use  his  own  resources  in  dealing  with  the  problems  he 
confronts. 


STUDENT  HOUSING 

The  University  maintains  twelve  dormitories  for  undergraduate  students  living  on 
campus.  These  provide  as  homelike  an  atmosphere  as  possible  within  the  framework  of 
the  University’s  educational  requirements. 

Dormitory  space  is  open  to  graduate  students  on  a  space-available  basis.  Inquiries 
should  be  sent  to:  Director  of  Housing,  University  of  Santa  Clara. 
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APPLIED  MATHEMATICS 

Gerald  Markle,  Ph.D.,  Coordinator 
Professor:  Gerald  Markle 

Lecturers:  Charles  H.  Chicks,  Paul  J.  Conti,  Wade  H.  Foy,  Henry  D.  Friedman, 
William  T.  Hatley,  Charles  M.  Hogan,  Edward  R.  Meyer,  Paul  O.  Scheibe, 

Jerome  G.  Sowul 

All  applied  mathematics  courses  on  the  100  level  are  assumed  to  be  first-year 
graduate  courses.  The  minimum  preparation  for  these  courses  is  a  working  knowledge 
of  the  calculus  and  a  course  in  differential  equations.  A  course  in  advanced  calculus 
is  desirable.  The  200  level  courses  are  graduate  courses  in  mathematics  which  should 
only  be  taken  by  students  who  have  completed  several  100  level  courses. 

110.  INTRODUCTION  TO  PROBABILITY  I  (2) 

Definitions,  sets,  conditional  and  total  probability,  the  binominal  distribution 
approximations,  random  variables,  important  probability  distributions,  functions 
of  random  variables,  moments,  characteristic  functions,  joint  probability  dis¬ 
tributions,  marginal  distributions,  sums  of  random  variables-convolutions,  cor¬ 
relation,  sequences  of  random  variables,  limit  theorems. 

111.  INTRODUCTION  TO  PROBABILITY  II  (2) 

Continuation  of  110. 

112.  INTRODUCTION  TO  PROBABILITY  THEORY  (4) 

A  combination  of  110  and  111. 

114.  ENGINEERING  STATISTICS  I  (2) 

Frequency  distributions,  sampling,  sampling  distributions,  univariate  and  bivari¬ 
ate  normal  distributions,  analysis  of  variance,  two-  and  three-factor  analysis, 
regression  and  correlation,  design  of  experiments. 

115.  ENGINEERING  STATISTICS  II  (2) 

Continuation  of  114. 

116.  ENGINEERING  STATISTICS  (4) 

A  combination  of  114  and  115. 
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120.  NUMERICAL  ANALYSIS  I  (2) 

Solution  of  algebraic  and  transcendental  equations,  finite  differences,  interpola¬ 
tion,  numerical  differentiation  and  integration,  solution  of  ordinary  differential 
equations,  matrix  methods  with  applications  to  linear  equations,  curve  fittings, 
programming  of  representative  problems  for  the  IBM  1130.  Prerequisites:  102 
and  ability  to  program  in  Fortran. 

121.  NUMERICAL  ANALYSIS  II  (2) 

Continuation  of  120. 

125.  VECTOR  ANALYSIS  I  (2) 

Algebra  of  vectors.  Differentiation  of  vectors.  Parial  differentiation  and  asso¬ 
ciated  concepts.  Integration  of  vectors.  Applications.  Basic  concepts  of  tensor 
analysis. 

126.  VECTOR  ANALYSIS  II  (2) 

Continuation  of  125. 

128.  INTRODUCTION  TO  APPLIED  MATHEMATICS  (2) 

Model  making.  Derivation  of  differential  equations  from  physical  laws.  Role  of 
approximation  and  linearization.  Nonlinear  differential  equations.  Introduction 
to  difference  equations.  Introduction  to  optimization  techniques. 

130.  APPLIED  MATHEMATICS  I  (2) 

Power  series  solution  of  differential  equations,  legendre  polynomials,  Bessel 
functions,  Gamma  and  Beta  functions,  line  and  surface  integrals.  Prerequisite: 
102. 

131.  APPLIED  MATHEMATICS  II  (2) 

Orthogonal  functions,  Fourier  series,  Euler’s  equations,  even  and  odd  functions, 
half-range  functions,  Laplace  transforms,  basic  transforms,  application.  Pre¬ 
requisite:  102.  (Note:  130  and  131  may  be  taken  in  either  order.) 

132.  APPLIED  MATHEMATICS  III  (2) 

Partial  differential  equations,  separation  of  variables,  Laplace  transforms  methods 
applied  to  the  solution  of  partial  differential  equations.  Prerequisites:  130  and 
131. 

135.  COMPLEX  VARIABLES  I  (2) 

Algebra  of  complex  numbers,  calculus  of  complex  variables,  analytic  functions, 
harmonic  functions,  power  series,  residue  theorems,  application  of  residue 
theory  to  definite  integrals,  conformal  mappings. 
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136.  COMPLEX  VARIABLES  II  (2) 

Continuation  of  135. 

140.  MODERN  ALGEBRA  I  (2) 

Introduction  to  postulational  systems,  integers  as  an  integral  domain,  study  of 
rational,  real  and  complex  number  fields,  polynominal  forms  and  functions, 
introduction  to  group  theory,  vectors  and  vector  spaces,  algebra  of  matrices, 
rings  and  ideals. 

141.  MODERN  ALGEBRA  II  (2) 

Continuation  of  140. 

145.  INTRODUCTION  TO  MATRICES  I  (2) 

Matrix  algebra,  determinants,  the  inverse  of  a  matrix,  rank  and  equivalence, 
linear  equations  and  linear  dependence,  vector  spaces  and  linear  transforma¬ 
tions,  unitary  and  orthogonal  transformations,  the  characteristic  equation  of  a 
matrix. 

146.  INTRODUCTION  TO  MATRICES  II  (2) 

Continuation  of  145. 

150.  INTRODUCTION  TO  MATHEMATICAL  ANALYSIS  I  (2) 

The  real  number  system,  set  theory,  function  theory,  real  point  set  topology, 
limits,  continuity,  differentiation,  partial  differentiation,  introduction  to  Riemann- 
Stieltjes  integration. 

151.  INTRODUCTION  TO  MATHEMATICAL  ANALYSIS  II  (2) 

170.  OPTIMIZATION  TECHNIQUES  I  (2) 

A  study  of  optimization  techniques  with  emphasis  on  experimental  methods. 
Necessary  and  sufficient  conditions  for  extreme  of  functions.  One-dimensional 
search  methods.  Steepest  ascent,  partan,  conjugate  gradient  and  ridge-accelera¬ 
tion  techniques.  Prerequisite:  Ability  to  program  in  Fortran. 

172.  LINEAR  PROGRAMMING  (2) 

Mathematical  optimization  and  decision  techniques.  Simplex  and  transportation 
tableau. 

174.  PROGRAMMING  METHODS  (2) 

Programming  system  description,  design  of  subroutines;  search,  sort  and  file 
procedures;  input/output  conversion  and  editing,  channel  operation,  interrupt 
techniques. 
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176.  SYSTEMS  ANALYSIS  (2) 

Methods  of  application  definition,  hardware  selection  criteria,  functional  speci¬ 
fication  formulation,  hardware  and  software  system  tradeoffs. 

178.  ENVIRONMENTAL  MODELS  I  (2) 

Mathematical  modelling  of  environmental  and  ecological  systems.  Emphasis  on 
the  quantitative  description  of  the  following  phenomena:  Dispersal  of  air  and 
water  pollutants,  noise  pollution  phenomena,  thermal  pollution  from  nuclear 
power  generation  and  long  term  geophysical  effects. 

179.  ENVIRONMENTAL  MODELS  II  (2) 

Continuation  of  A.M.  178.  Dynamics  of  populations.  Criteria  for  extenction, 
stability  and  unstable  growth  of  human,  animal  and  plant  species.  Interrelations 
of  different  species  and  the  physical  environment.  Special  attention  will  be 
given  to  examples  from  the  San  Francisco  Bay  Area. 

180.  COMBINATORIAL  MATHEMATICS  I  (2) 

Permutations,  combinations,  partitions,  enumeration  methods  generating  func¬ 
tions,  evaluation  of  descrete  sums,  and  introduction  to  graph  theory.  Recurrence 
relations,  solution  of  difference  equations,  the  principle  of  inclusion  and  ex¬ 
clusion,  Polya’s  theory  of  counting.  Applications. 

181.  COMBINATORIAL  MATHEMATICS  II  (2) 

Continuation  of  180. 

201.  THEORY  OF  FUNCTIONS  OF  A  COMPLEX  VARIABLE  (2) 

Complex  integration,  calculus  of  residues,  power  series,  conformal  representa¬ 
tion  applications.  Prerequisite:  Elementary  course  in  Complex  Variables. 

202.  THEORY  OF  FUNCTIONS  OF  A  COMPLEX  VARIABLE  II  (2) 

Continuation  of  201. 

205.  ADVANCED  NUMERICAL  ANALYSIS  I  (2) 

Numerical  solution  of  partial  differential  equations,  finite  difference  methods, 
Monte  Carlo  techniques,  relaxation  methods,  programming  of  representative 
problems  for  the  IBM  1130.  Prerequisites:  120,  121  and  ability  to  program  in 
Fortran. 

206.  ADVANCED  NUMERICAL  ANALYSIS  II  (2) 

Matrix  computations,  eigen  values  of  finite  matrices,  application  of  matrix 
methods  to  the  solution  of  systems  of  linear  equations,  programming  of  repre¬ 
sentative  problems  for  the  IBM  1130.  Prerequisite:  120,  121  or  equivalent. 
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207.  ADVANCED  PROGRAMMING  TECHNIQUES  (2) 

Fortran  subprograms  and  functions.  Treatment  of  common  storage.  Disk  input/ 
output.  Machine  organization  and  machine  language  programming.  Monitor  and 
supervise  programs.  Compilers.  Mathematical  programming  techniques.  Pre¬ 
requisite:  121  and  ability  to  program  in  Fortran. 

208.  SIMULATION  AND  MODEL  THEORY  (2) 

Simulation  and  emulation  of  systems.  Networks,  facilities  through  use  of  logical, 
statistical  and  numerical  models.  Programming  or  problems  involving  flow 
patterns,  queues  lengths,  delays,  transit  lines,  utilizations.  Prerequisite:  121 
and  207. 

210.  INTEGRAL  EQUATIONS 

Solution  of  Integral  Equations  by  successive  substitution,  solution  of  the  Fred¬ 
holm  Equation,  application  of  Fredholm  Theory,  Hilbert-Schmidt  Theory  of 
integral  Equations  with  symmetric  kernels,  applications. 

211.  CALCULUS  OF  VARIATION  I  (2) 

Euler-LaGrange  Equation.  Du  Bois-Reymond  Lemma  Weierstras-Erdmann  Con¬ 
ner  condition.  Legendre  condition.  Noether’s  Theorem.  Isoperimetric  inequali¬ 
ties.  Applications. 

212.  CALCULUS  OF  VARIATION  II  (2) 

Continuation  of  21 1 . 

215.  MATRIX  THEORY  I  (2) 

Properties  and  operations,  vector  spaces  and  linear  transforms,  characteristic 
rotts  and  vectors,  inversion  of  matrices,  applications.  Prerequisite:  145. 

216.  MATRIX  THEORY  II  (2) 

Continuation  of  215. 

230.  ADVANCED  APPLIED  MATHEMATICS  I  (2) 

Functional  spaces,  vector  and  matrices,  systems  of  orthogonal  functions,  linear 
spaces,  manifolds,  linear  operators,  spectral  theory,  functions  of  operators  and 
matrices,  Green’s  functions,  delta  functions,  differential  operators,  eigen  func¬ 
tion  representation  of  operators,  perturbation  methods,  operators  for  partial 
differential  equations. 

231.  ADVANCED  APPLIED  MATHEMATICS  II  (2) 

Continuation  of  230. 

232.  ADVANCED  APPLIED  MATHEMATICS  III  (2) 

Continuation  of  231 . 
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233.  NON-LINEAR  DIFFERENTIAL  EQUATIONS  I  (2) 

Theory  of  non-linear  equations,  existence  of  solutions,  uniqueness  of  solutions, 
first  order  equations,  second  order  equations,  special  methods,  non-linear  inte¬ 
gral  equations.  Periodic  solutions  and  asymptotic  methods.  Prerequisites:  137 
and  145. 

234.  NON-LINEAR  DIFFERENTIAL  EQUATIONS  II  (2) 

Continuation  of  233. 

235.  NON-LINEAR  DIFFERENTIAL  EQUATIONS  III  (2) 

Continuation  of  234. 

236.  TENSOR  ANALYSIS 

Algebra  and  calculus  of  tensors  applications  in  engineering  and  science.  Pre¬ 
requisite:  AM. 

240.  OPERATIONS  RESEARCH  I  (2) 

Deterministic  models:  formulation  and  solution  of  linear  programming  problems, 
including  transportation  and  assignment  problem;  simplex  method,  duality; 
theory  of  games;  PERT.  Prerequisite:  111. 

241.  OPERATIONS  RESEARCH  II  (2) 

Discrete  stochastic  models:  Markov  chain  models,  flow  graph  techniques.  Con¬ 
tinuous  stochastic  models:  asymtotic  behavior  of  discrete  models.  Digital  com¬ 
puter  simulation:  Monte  Carlo  methods  and  design  of  simulation  experiments. 
Applications  to  systems  problems  involving  queing,  reliability  storage,  search 
and  surveillance.  Prerequisite:  111.  (240  is  not  a  prerequisite.) 

242.  OPERATIONS  RESEARCH  III  (2) 

Continuation  of  241. 

250.  MATHEMATICAL  STATISTICS  I 

Mathematical  theory  of  statistics  fundamental  concepts,  principles  of  estimation, 
sampling  distributions.  Multivariate  statistics  and  regression  theory. 

251.  MATHEMATICAL  STATISTICS  II 

Continuation  of  AM  250. 

258.  FOURIER  TRANSFORMS  (2) 

Elementary  concepts  from  topology,  Fourier  transforms  of  summable  functions, 
convolution  theory,  elementary  theory  of  distributions.  Applications. 
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260.  DYNAMIC  PROGRAMMING  I  (2) 

Review  of  elementary  set,  probability  and  function  theory.  Invariant  embedding 
and  dynamic  programming.  Stochastic  decision  processes.  Dynamic  pro¬ 
gramming  processes.  Existence  and  uniqueness  theorems.  Prerequisites:  Ad¬ 
vanced  calculus,  matrix  theory  and  probability  theory. 

261.  DYNAMIC  PROGRAMMING  II  (2) 

Continuation  of  260. 

262.  STOCHASTIC  PROCESSES  I  (2) 

Types  of  stochastic  processes,  stationarity,  ergodicity,  differentiation  and  inte¬ 
gration  of  stochastic  processes,  correlation  and  power  spectral  density  functions, 
linear  systems,  band  limit  processes,  estimation,  nonstationary  processes,  nor¬ 
mal  processes,  Markov  processes.  Prerequisite:  111. 

263.  STOCHASTIC  PROCESSES  II  (2) 

Continuation  of  262. 

270.  TOPOLOGY  I  (2) 

Sets  and  functions.  Metric  spaces.  Topological  spaces.  Compactness.  Separa¬ 
tion.  Connectedness.  Approximation.  Fixed  point  theorems  and  applications  to 
analysis.  Concepts  of  algebraic  topology. 

271.  TOPOLOGY  II  (2) 

Continuation  of  270. 

274.  PARTIAL  DIFFERENTIAL  EQUATIONS  I  (2) 

Relation  between  particular  solutions,  general  solutions  and  boundary  values. 
Existence  and  uniqueness  theorems.  Wave  equation  and  Gauchy’s  problem. 
Potential  theory  and  Dirichelet’s  problem.  Heat  equation.  Prerequisite:  132. 

275.  PARTIAL  DIFFERENTIAL  EQUATIONS  II  (2) 

Continuation  of  274. 

298.  SPECIAL  PROBLEMS  (1  to  2  units) 

By  special  arrangement. 

299.  M.S.  THESIS 


33 


CIVIL  ENGINEERING  AND  ENGINEERING  MECHANICS 

Henry  V.  Hahne,  Ph.D.,  Chairman 

Professors:  Henry  V.  Hahne,  A.  Morgan  Johnson 
Associate  Professor:  Harold  M.  Tapay 
Lecturers:  Sathyanarayana  Hanagud,  Wilmot  J.  Nicholson,  Robert  E.  Smith 

Civil  Engineering  relates  to  works  in  connection  with  transportation,  such  as  high¬ 
ways  and  traffic,  railways  and  canals;  to  structural  works,  such  as  bridges,  buildings, 
dams,  piers,  and  many  other  structures  built  of  wood,  steel,  or  reinforced  concrete;  to 
sanitary  works  and  works  which  have  to  do  with  water,  such  as  the  collection,  treat¬ 
ment  and  disposal  of  sewage;  the  drainage  of  some  lands  and  the  irrigation  of  others. 

Engineering,  or  applied,  Mechanics  is  a  field  of  graduate  study  which  encompasses 
subject  matter  fundamental  to  the  analysis  and  design  of  engineering  systems,  includ¬ 
ing  such  subjects  as  dynamics,  stress  analysis,  and  mechanical  behavior  of  materials. 
While  the  products  of  these  analyses — structures,  machines,  systems — are  more  widely 
known  than  the  methods  of  analysis,  this  area  continues  to  serve  well  the  needs  of 
those  students  who  are  interested  in  the  more  analytical  aspects  of  engineering  and 
are  aiming  toward  a  career  in  teaching,  research  or  specialized  work  in  industry. 


5.  INTRODUCTION  TO  ENGINEERING 

Discussion  of  significant  engineering  problems  of  the  present  and  future.  Field 
trips.  A  course  open  to  all  students  intended  to  familiarize  the  engineering 
student  with  his  chosen  field  and  to  acquaint  the  non-engineering  student  with 
the  engineering  profession. 

10.  SURVEYING 

Survey  instruments — their  use,  adjustment,  and  care.  Principles  of  topographic 
mapping,  linear  measurements,  leveling,  traverses,  curves,  earthwork,  boundary 
and  public  surveys.  Field  practice. 

15.  STATICS 

Concept  of  force  and  equilibrium.  Force  systems  in  plane  and  in  space.  Trusses. 
Friction.  Principle  of  virtual  work  and  its  application. 

20.  GEOLOGY  AND  HYDROLOGY 

Development  and  formation  of  geologic  materials.  Engineering  significance  of 
structure,  land  form,  erosion,  deposition.  Stream  and  shoreline  processes. 
Surface  and  subsurface  water.  Laboratory. 

110.  DYNAMICS 

Dynamics  of  a  particle  and  dynamics  of  rigid  bodies.  Introduction  to  theory  of 
vibrations,  balancing  of  machinery,  and  theory  of  the  gyroscope.  Prerequisites: 
15  and  Physics  4. 
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111.  STATICS  AND  DYNAMICS 

Fundamental  principles  of  statics.  Dynamics  of  a  particle  and  dynamics  of  rigid 
bodies.  Application  to  problems  in  engineering.  Prerequisite:  Physics  4. 

115.  MATERIALS  ENGINEERING 

Origin,  manufacture,  and  processing  of  materials  used  in  civil  engineering. 
Significant  properties  of  metals,  wood,  cement  and  other  engineering  materials. 
Corrosion  and  its  prevention.  Fire  resistance. 

116.  STRENGTH  OF  MATERIALS 

Analysis  of  stresses  and  strains  in  bodies  under  the  action  of  loads.  Mohr’s 
circle.  The  concept  of  strain  energy  and  its  applications.  Laboratory.  Pre¬ 
requisite:  15. 

118.  CONSTRUCTION  ENGINEERING  I 

Licensing.  Drawings  and  specifications.  Cost  analysis,  estimating  and  bidding. 
Contracts.  Bonds.  Financing.  Insurance.  Labor  Legislation.  Planning  and  sched¬ 
uling. 

121.  SOILS  ENGINEERING 

Origin,  development  and  properties  of  soils.  Classification  of  soils  and  applica¬ 
tions  of  physics  and  engineering  mechanics  to  soil  as  an  engineering  material. 
Water  in  soils.  Compaction,  stabilization,  consolidation  and  bearing  capacity. 
Laboratory.  Prerequisite:  20  and  116. 

130.  STRUCTURAL  ANALYSIS  I 

Analysis  of  stresses  in  statically  determinate  structures  under  stationary  loads. 
Roof  and  bridge  trusses.  Straight  and  curved  beams.  Frames.  Three-hinged 
arches.  Influence  lines  for  beams.  Prerequisite:  116. 

131.  STRUCTURAL  ANALYSIS  II 

Influence  lines  for  bridge  trusses  and  simple  arches.  Analysis  of  deformations 
of  structures.  Introduction  to  statically  indeterminate  structures  and  the  analysis 
of  building  frames  using  moment-distribution  method.  Introduction  to  plastic 
analysis.  Prerequisite:  130. 

133.  STRUCTURAL  STEEL  DESIGN 

Riveted  and  welded  connections.  Tension  and  compression  members.  Floor 
systems  and  roof  trusses.  Detailing  and  shop  practice.  Industrial  buildings. 
Bridges.  Prerequisite:  130. 

135.  REINFORCED  CONCRETE  DESIGN 

Analysis  and  design  of  reinforced  concrete  structures.  Introduction  to  ele¬ 
mentary  concepts  of  plastic  theory  and  the  theory  of  prestressed  concrete. 
Concrete  mixes  and  construction  methods.  Prerequisite:  130. 


35 


136.  ADVANCED  CONCRETE  DESIGN 

Theory  and  practice  of  the  design  of  office,  apartment  and  industrial  buildings. 
Design  of  highway  bridges.  Concrete  arches.  Design  of  prestressed  concrete 
structures.  Prerequisite:  135. 

138.  ADVANCED  SOILS  AND  FOUNDATIONS 

Surveying,  mapping  and  foundation  exploration;  slope  stability  and  settlement 
analysis;  spread  foundations;  piles  and  caissons;  earth-retaining  structures; 
loads  on  underground  conduits;  subsurface  construction.  Prerequisite:  121  and 
135. 

140.  WATER  RESOURCES  ENGINEERING 

The  interrelation  of  all  facets  of  water  resources;  storm  drainage  and  flood 
control;  water  supply  and  distribution;  sewage  collection  treatment  and  disposal. 
Importance  of  water  resources  in  the  environment.  Concepts  of  planning  facili¬ 
ties  as  related  to  the  total  needs  of  the  community.  Prerequisite:  Mechanical 
Engineering  118  or  Mechanical  Engineering  120. 

142.  WATER  RESOURCES  DESIGN 

Design  of  collection  and  storage  facilities;  pipe  lines  and  channels;  water  treat¬ 
ment  and  sewage  treatment  plants;  water  quality  control;  reclamation  and  reuse. 
Prerequisite:  140  and  121. 

145.  TRANSPORTATION  ENGINEERING 

Transportation  as  a  system  to  meet  the  needs  of  society  in  movement  of  people 
and  goods.  Interaction  between  transportation  facilities  and  the  community. 
Engineering  aspects  of  rail,  highway,  air,  and  water  carriers  and  routes.  Modern 
concepts  and  technology. 

146.  URBAN  AND  REGIONAL  PLANNING 

Principles  of  city  and  regional  planning.  Land  use  and  zoning.  Urban  and 
regional  problems  and  their  influence  in  planning:  transportation;  air  pollution; 
water  pollution;  waste  disposal;  recreation;  redevelopment;  housing;  and 
esthetics. 

147.  PAVEMENT  DESIGN 

Geometric  and  structural  design  of  the  highway.  Urban  street  layout  and 
details.  Layout  and  design  of  airport  runways,  taxi-ways  and  airports.  Railway 
track  and  roadbed.  Pacing  materials.  Prerequisite:  121  and  145. 

148.  CONSTRUCTION  ENGINEERING  II 

Construction  methods  and  equipment.  Legal  aspects  of  construction.  Construc¬ 
tion  site  organization.  Prerequisite:  133  and  135. 
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150.  ADVANCED  STRENGTH  OF  MATERIALS  I  (2) 

Beams  on  elastic  foundations.  Curved  beams.  Thin  rings.  B  ending  of  beams 
with  nonsymmetrical  cross  section,  principal  axes  of  inertia  and  principal 
moments  of  inertia.  Mohr’s  circle  in  three  dimensions. 

154.  STATICALLY  INDETERMINATE  STRUCTURES  I  (2) 

Thermal  stresses.  Stresses  due  to  foundation  settlements.  Stresses  due  to 
shrinkage  and  creep  of  structural  materials.  Application  to  trusses,  beams, 
frames  and  arches. 

155.  STATICALLY  INDETERMINATE  STRUCTURES  II  (2) 

Deformations  of  statically  indeterminate  structures.  Iterative  methods  of  analysis. 
Space  frames.  Application  of  digital  computers.  Influence  lines.  Prerequisite:  154. 

157.  THEORY  OF  PLATES  (2) 

Methods  of  analysis  of  rectangular  plates  under  various  loading  and  support 
conditions.  Fourier  series,  energy  methods  and  numerical  finite  difference 
methods.  Analysis  of  circular  plates. 

158.  THEORY  OF  SHELLS  I  (2) 

Membrane  theory  of  shells  of  revolution.  Cylindrical  shells,  shell  roofs,  tanks. 
Bending  theory  of  cylindrical  shells. 

160.  THEORY  OF  PLASTICITY  I  (2) 

Analysis  of  stresses  and  strains  in  materials  loaded  beyond  the  elastic  limit. 
Perfectly  plastic  materials.  Bending  of  beams  and  torsion  of  shafts.  Yield  hinges, 
limit  analysis.  Application  to  trusses  and  frames. 

161.  EXPERIMENTAL  STRESS  ANALYSIS  (2) 

Theory  and  practice  of  the  photoelastic  method  for  measuring  stresses  under 
static  and  dynamic  loads.  Moire  screen  method  in  photoelasticity.  Electrical 
strain  gages  and  rosettes,  and  their  use  in  static  and  dynamic  testing.  Mechani¬ 
cal  and  optical  strain  gages. 

163.  TENSOR  METHODS  IN  CONTINUUM  MECHANICS  (2) 

Introduction  to  tensor  calculus  and  its  application  to  problems  of  engineering 
mechanics.  Analysis  of  stresses  and  strains  in  solid  bodies  for  various  loading 
conditions. 

165.  DYNAMICS  OF  STRUCTURES  I  (2) 

Introduction  to  the  analysis  of  behavior  of  structures  under  time-dependent 
loads.  Natural  frequencies  of  structures.  Response  of  structures  to  various 
types  of  dynamic  loading.  Exact  and  approximate  methods. 
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168.  THEORY  OF  STABILITY  OF  STRUCTURES  I  (2) 

Stability  analysis  of  elastic  bars  under  axial  and  combined  axial  load  and 
bending.  Columns  with  elastic  restraints.  Analysis  of  frames.  Energy  methods. 

170.  ADVANCED  MECHANICAL  PROPERTIES  OF  MATERIALS  (2) 

Theory  of  flow  and  fracture  of  engineering  materials.  Mechanical  properties  of 
engineering  materials  at  low  and  elevated  temperatures.  Effect  of  radiation  on 
mechanical  properties.  Laboratory  investigations  in  creep,  fatigue,  and  impact. 
Nondestructive  testing. 

175.  IMPACT,  SHOCK,  AND  WAVE  PROPAGATION  (2) 

Elementary  concepts  of  longitudinal  wave  propagation  in  bars,  spalling,  trans¬ 
form  techniques  of  analysis;  plastic  waves  and  shocks  in  bars.  Introduction  to 
elastic  waves  in  three  dimensions  and  impact  buckling. 

185.  THE  THEORY  OF  FINITE  ELEMENT  METHODS  (2) 

Applications  to  problems  in  theory  of  elasticity,  plates  and  shells. 

186.  FINITE  ELEMENT  METHODS  II  (2) 

Plane  stress  and  plane  strain  problems:  dynamics  of  elastic  and  inelastic  bodies. 
Prerequisite:  185  or  knowledge  of  matrix  methods. 

187.  FINITE  ELEMENT  METHODS  III  (2) 

Continuation  of  186. 

190.  INDEPENDENT  RESEARCH 

Open  to  Departmental  Scholars  only. 

199.  INDEPENDENT  STUDY 

Open  to  Departmental  Scholars  only. 

210.  ADVANCED  STRENGTH  OF  MATERIALS  II  (2) 

Thick-walled  rings.  Shrink-fit  stresses.  Beam  analysis,  using  Fourier  series. 
Torsion  of  thin-walled  sections.  Shear  center.  Theories  of  failure.  Nonlinear 
problems  in  beam  bending.  Strain  energy. 

212.  THEORY  OF  ELASTICITY  I  (2) 

Fundamentals  of  the  classic  theory  of  elasticity.  Stress  and  strain  in  three 
dimensions.  Plane  stress  and  plane  strain.  Stress  function.  Problem  in  rectangu¬ 
lar  and  polar  coordinates.  Analysis  of  stresses  around  holes  in  the  vicinity  of 
localized  loads.  Prerequisite:  150. 
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213.  THEORY  OF  ELASTICITY  II  (2) 

Torsion  of  noncircular  shafts.  Contact  stresses.  Numerical  methods  and  ap¬ 
plication  of  the  digital  computer.  Application  of  conformal  mapping  and  use  of 
complex  variables  in  solving  plane  stresses  around  holes  and  in  the  vicinity  of 
localized  loads. 

215.  THEORY  OF  PLASTICITY  II  (2) 

Introduction  to  mathematical  theory  of  plasticity.  Plastic  analysis  of  plates  and 
rings.  Shake-down  phenomena.  Visco-elastic  behavior  of  materials.  Creep  phe¬ 
nomena.  Prerequisite:  160. 

217.  THEORY  OF  SHELLS  II  (2) 

Bending  theory  of  shells.  Stress  function  and  numerical  methods  in  shell  analysis. 
Shells  of  negative  curvature  and  shallow  shells.  Shells  of  variable  thickness. 
Prerequisite:  158. 

219.  DYNAMICS  OF  STRUCTURES  II  (2) 

Analysis  of  the  dynamic  behavior  of  multistory  frames.  Matrix  methods.  Applica¬ 
tion  of  digital  computers.  Theoretical  foundations  of  earthquake  analysis. 
Dynamic  response  of  elastic  bodies,  beams,  plates.  Prerequisite:  165. 

220.  THEORY  OF  STABILITY  OF  STRUCTURES  II  (2) 

Refined  methods  of  stability  analysis  of  frames.  Stability  of  rings  and  arches. 
Lateral  stability  of  beams.  Stability  of  plates.  Introduction  to  stability  of  shells. 
Stability  of  structures  in  the  inelastic  range.  Prerequisite:  168. 

225.  AIRCRAFT  AND  MISSILE  STRUCTURES  I  (2) 

Applications  of  principles  of  engineering  mechanics.  Strain  energy  methods. 
Castigliano’s  theorems.  Space  frameworks.  Thinwalled  structures.  Stability. 
Matrix  methods.  Use  of  electronics  computers.  Prerequisite:  150. 

226.  AIRCRAFT  AND  MISSILE  STRUCTURES  II  (2) 

Shear  lag  problems.  Application  of  methods  of  limit  analysis.  Stability  of  thin¬ 
walled  sections  in  torsion  and  in  bending.  Thermoelasticity  and  application  of 
matrix  methods.  Honeycomb  structures.  Properties  and  applications  of  non- 
metallic  materiais.  Prerequisite:  225. 

227.  AIRCRAFT  AND  MISSILE  STRUCTURES  III  (2) 

Large  deflection  theory  of  plate  structures.  Stress  analysis,  stability  analysis 
and  dynamic  response  characteristics  of  sandwich  structures.  Prerequisite:  226. 

228.  MECHANICS  OF  FRACTURE  OF  SOLIDS  I  (2) 

Elastic  and  elastic-plastic  fracture  criteria.  Stress  intensity  solutions.  Metallurgi¬ 
cal  aspects  of  toughness.  Design  and  alloy  selection.  Failure  analysis  techniques 
applied  to  actual  engineering  problems. 
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229.  MECHANICS  OF  FRACTURE  OF  SOLIDS  II  (2) 

Continuation  of  228. 

230.  THERMAL  STRESSES  (2) 

Formulation  and  solution  of  thermoelastic  problems.  Analysis  of  beams,  rings, 
frames,  trusses  and  plates.  Thermoelastic  stability  and  thermal  stress  analysis 
for  inelastic  systems.  Prerequisite:  150. 

231.  THERMAL  STRESSES  II  (2) 

Deflections  of  structures  subjected  to  thermal  loading.  Thermoelasticity  and 
plasticity.  Creep  of  structures  due  to  thermal  loading.  Stability.  Prerequisite:  230. 

232.  THEORY  OF  VISCOELASTICITY  (2) 

Characteristics  of  various  viscoelastic  materials,  stress-strain .  relationships, 
stress  problems,  vibrations.  Problems  in  two  and  three  dimensions. 

233.  THEORY  OF  ANISOTROPIC  ELASTICITY  (2) 

Stress-strain  relationships  for  various  anisotropic  models.  Stress  analysis  prob¬ 
lems  including  beams  and  plates.  Concepts  of  the  theory  of  vibration  and  wave 
propagation. 

236.  THEORY  OF  WAVE  PROPAGATION  (2) 

Introduction  to  three-dimensional  wave  propagation.  Surface  waves,  plane  waves. 
Wave  propagation  in  inelastic  bodies.  Lamb’s  problem. 

237.  SHOCK  WAVES  IN  SOLIDS  II  (2) 

Thermodynamic  constitutive  relations  for  solids,  thermodynamic  effects  in  shock 
propagation,  strain  rate  effects,  the  concepts  of  wave  propagation  in  three 
dimensions.  Discussion  of  current  research. 

299.  M.S.  THESIS  (1  to  6) 

By  arrangement  with  the  Department. 
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ELECTRICAL  ENGINEERING 

Shu-Park  Chan,  Ph.D.,  Chairman 

Professors:  Shu-Park  Chan,  Dragoslav  Siljak 
Associate  Professors:  Timothy  J.  Healy,  Henry  P.  Nettesheim,  Jack  A.  Peterson, 

Raymond  B.  Yarbrough 

Assistant  Professors:  William  R.  Dunn,  Jr.,  Frederick  W.  Clegg 
Lecturers:  Jack  Armstrong,  John  Bingham,  J.  D.  Bruce,  Hans  Camenzind,  Edward  Chen, 
Wei  Chen,  George  Condas,  Alan  Grebene,  Frank  Greene,  Roy  Jensen,  Harmon  Johnson, 
Michael  Kelly,  Gary  Kelson,  Tuk  Hop  Lee,  Robert  Linebarger,  Ralph  Love,  Dale  Lumb, 
Kay  Magelby,  John  McConnell,  Sanjit  Mitra,  Edward  Snow,  Irving  Stein,  Lloyd  Taylor, 
George  Thaler,  Frank  Tung,  Larry  Wear,  and  Thomas  Whitney. 

3.  INTRODUCTION  TO  COMPUTING 

History  of  computational  needs  and  devices.  Algorithmic  problem-solving;  flow 
charts.  Basic  computer  concepts  and  organization.  Number  systems  and  data 
types.  Use  of  small  computers  and  programmable  calculators.  Programming  in 
high-level  languages  (emphasis  on  FORTRAN).  Introduction  to  subprograms. 
Non-numeric  information  and  language  processing.  This  course  is  intended  for 
non-engineering  students  and  will  include  several  projects  which  explore  com¬ 
puter  applications  in  such  diverse  areas  as  mathematics  and  statistics,  natural 
sciences,  social  sciences,  medicines,  simulation,  games,  natural  language  trans¬ 
lation,  etc.  Prerequisite:  High  school  algebra  or  equivalent. 

15.  INTRODUCTION  TO  THE  PRINCIPLES  AND  APPLICATIONS  OF  DIGITAL 
COMPUTER  SYSTEMS 

History  of  computational  needs  and  devices.  Algorithmic  procedures  for  prob¬ 
lem  solving;  iteration;  recursion.  Basic  concepts  and  organization  of  stored- 
program  digital  computers.  Computer  solution  of  problems.  Programming  meth¬ 
ods  and  languages.  Number  systems  and  digital  data  representation.  Use  of 
machine  languages  and  programmable  calculators.  Programming  in  high-level 
languages  (emphasis  on  FORTRAN).  Subprogram  organization  and  use.  Pro¬ 
cessing  of  non-numeric  information.  Introduction  to  computer  hardware  func¬ 
tions.  Prerequisite:  High  school  trigonometry  or  equivalent. 

101.  PRINCIPLES  OF  ELECTRICAL  ENGINEERING  I 

Parameters  of  electrical  components,  introduction  to  circuit  theory,  principles 
of  electromechanical  energy  conversion,  transient  and  steady-state  behavior  of 
electrical  systems.  Laboratory.  Prerequisites:  Physics  4B,  Mathematics  21. 

102.  PRINCIPLES  OF  ELECTRICAL  ENGINEERING  II 

A  continuation  of  101  to  include  the  basic  principles  of  energy  conversion. 
Introduction  of  the  basic  principles  of  electronics.  Elementary  theory  of  vacuum, 
gas,  and  solid  state  electronic  devices.  Applications  to  basic  electronic  circuits 
as  used  in  communications  and  industrial  electronic  systems.  Laboratory.  Pre¬ 
requisite:  101. 
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104.  FUNDAMENTALS  OF  ELECTROMAGNETIC  FIELDS 

Static  electric  and  magnetic  fields,  dielectric  and  magnetic  materials.  Time- 
varying  fields.  Transmission  line  theory.  Introduction  to  antennas  and  propaga¬ 
tion.  Prerequisite:  101. 

105.  ELECTROMAGNETIC  FIELDS  (2) 

An  accelerated  review  course.  Not  for  graduate  credit. 

106.  ENGINEERING  AND  THE  TECHNOLOGICAL  SOCIETY 

Engineering  as  a  discipline.  The  foundation  concepts  of  engineering.  The  history 
and  development  of  western  technology.  The  impact  on  society  and  the  social 
consequences  of  engineering  and  technology.  Automation  and  the  computer 
revolution. 

108.  MICROWAVE  THEORY  AND  TECHNIQUES 

A  combined  lecture  and  laboratory  course  covering  generation,  propagation, 
and  detection  of  microwave  energy.  Experiments  on  klystrons,  impedance 
measurements,  antenna  radiation  patterns,  and  the  characteristics  of  passive 
microwave  devices.  Laboratory.  Prerequisite:  104. 

111.  MATRIX  ANALYSIS  OF  NETWORKS  AND  SYSTEMS 

Review  of  matrix  algebra,  elementary  network  topology,  matrix  formulation  of 
system  equations,  network  theorems,  Laplace  transform  techniques,  sinusoidal 
steady-state  analysis,  frequency  response  plots,  two-port  network  theory,  active 
two-port  devices,  state-space  analysis  methods,  computer-aided  analysis.  Pre¬ 
requisite:  102. 

112.  MODERN  NETWORK  SYNTHESIS  AND  DESIGN 

Approximation.  Synthesis  of  passive  and  active  networks.  Sensitivity  and  toler¬ 
ance  analysis.  Computer  techniques  for  network  designs  using  optimization. 
Prerequisite:  111. 

121.  DIGITAL  SYSTEMS 

Computer  organization,  programming,  number  systems,  logic  circuits,  Boolean 
algebra,  combinational  logic,  flip  flops,  computer  circuits  and  memory,  computer 
arithmetic,  and  control. 

131.  CONTROL  SYSTEMS 

Detailed  consideration  of  the  mathematical  theory  of  linear  feedback  control 
systems.  Topics  include:  transfer  functions,  relation  between  time  and  frequency 
domain  characteristics;  analysis  and  design,  using  root  locus  concepts  and 
frequency  response  plots;  performance  criteria  and  sensitivity;  stability.  Labora¬ 
tory.  Prerequisite:  Applied  Mathematics  118. 
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132.  AUTOMATIC  FEEDBACK  CONTROL  SYSTEMS  (2)  Not  for  Graduate  Credit 

Introduction  to  analysis  of  feedback  systems.  Stability  frequency  and  time  re¬ 
sponse.  Nyquist,  Bode,  and  Nichols  plots.  Root  locus,  steady-state  error.  Pre¬ 
requisite:  113. 

141.  COMMUNICATION  SYSTEMS 

Signal  description,  Fourier  transforms,  filtering,  Hilbert  transforms,  noise  de¬ 
scription,  linear  modulation  and  demodulation,  exponential  modulation  and  de¬ 
modulation,  pulse  modulation,  information  theory.  Prerequisite:  151. 

151.  ELECTRONICS  I 

Electron  ballistics,  emission  theory,  semiconductor  theory.  Extension  of  the 
study  of  electronic  amplifiers  to  include  wideband  and  radio  frequency  ampli¬ 
fiers,  and  the  principles  and  applications  of  feedback.  Laboratory.  Prerequisites: 
102,  111. 

152.  ELECTRONICS  II 

Continuation  of  151,  to  develop  features  of  high-frequency  power  amplifiers, 
oscillators,  modulation  systems.  Communications  systems.  Introduction  to  non¬ 
linear  electronic  circuits.  Laboratory. 

161.  ELECTROMECHANICAL  ENERGY  CONVERSION 

Introduction  to  energy  conversion  equations  and  applications  to  transducers, 
rotating  amplifiers.  Machine  dynamics,  transfer  function  realization,  and  model¬ 
ing  of  physical  electromechanical  systems.  Laboratory.  Prerequisite:  102. 

190.  UNDERGRADUATE  RESEARCH 

Open  to  Departmental  Scholars  only. 

198.  SENIOR  THESIS  AND  SEMINAR 

Investigation  of  an  approved  electrical  engineering  problem  and  preparation  of 
suitable  thesis  covering  the  investigation.  Conferences  as  required.  The  seminar 
will  be  presented  by  the  student  during  the  term,  covering  suitable  topics. 

199.  INDEPENDENT  STUDY 

Open  to  Departmental  Scholars  only. 

200.  ELECTRICAL  ENGINEERING  GRADUATE  SEMINARS  (1-2) 

Regularly  scheduled  seminars  on  topics  of  current  interest  in  the  field  of  electri¬ 
cal  engineering  (1  to  2  units).  Consult  Department  office  for  detailed  information. 


43 


201.  ELECTROMAGNETIC  FIELD  THEORY  I  (2) 

Time-varying  electromagnetic  field  concepts  starting  with  Maxwell’s  equations. 
Use  of  electric  and  magnetic  vector  potentials.  Field  theorems.  Reflections  and 
refraction  of  plane  waves  at  interfaces.  Rectangular  wave  guides  and  resona¬ 
tors.  Boundary  value  problems  in  cartesian  coordinates.  Prerequisite:  104. 

202.  ELECTROMAGNETIC  FIELD  THEORY  II  (2) 

Cylindrical  and  spherical  wave  functions.  Circular  wave  guides  and  resonators. 
Spherical  cavities.  Boundary  value  problems  in  cylindrical  and  spherical  coordi¬ 
nates.  Prerequisite:  201. 

203.  MICROWAVE  NETWORKS  I  (2) 

Elements  of  microwave  networks.  Wave  guide  and  coaxial  line  components. 
Wave-guide  impedance-matching  elements,  phase  shifters,  attenuators.  Magic 
tee,  wave  meters,  directional  couplers.  Prerequisite:  201. 

204.  MICROWAVE  NETWORKS  II  (2) 

General  microwave  transmission  theory.  Methods  of  analysis  including  the  use 
of  matrix  algebra  to  microwave  networks.  Wave  guide  junctions  and  other  micro- 
wave  networks.  Prerequisite:  203. 

205.  ACTIVE  MICROWAVE  DEVICES  (2) 

Wave  interaction  in  various  active  media.  Space  charge  waves  and  cyclotron 
waves  in  electron  beams.  Coupled  mode  theory  as  applied  to  travelling  wave 
tube  and  parametric  amplifiers. 

206.  ANTENNAS  I  (2) 

An  introductory  course  in  antennas.  Analysis  of  basic  antennas,  elementary 
dipoles,  thin  linear  antennas,  loops,  helical  antennas.  Array  theory.  Prerequisite: 
201. 

207.  ANTENNAS  II  (2) 

A  continuation  of  206.  Frequency  independent  antennas,  apertures,  horns  and 
slots.  Receiving  antennas  and  antenna  measurements. 

208.  INTRODUCTION  TO  MASERS  AND  LASERS  (2) 

An  introduction  to  the  principles  of  maser  and  laser  operation  based  on  classical 
concepts  and  electrical  engineering  analogies.  Consideration  of  the  maser  and 
laser  as  practical  electronic  devices  and  their  applications.  Prerequisite:  201 
and  Physics  155-156  or  equivalent. 

209.  TOPICS  IN  ELECTROMAGNETIC  FIELD  THEORY  (2) 
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211.  MODERN  NETWORK  ANALYSIS  I  (2) 

A  study  of  network  theory  from  modern  points  of  view.  A  unified  presentation 
of  the  formulation  of  network  equations  using  the  matrix  approach.  Interrelation¬ 
ships  of  the  loop  equations,  cutset  equations,  and  state  equations.  Proofs  and 
applications  of  network  theorems.  Prerequisite:  111  and  Applied  Mathematics 
135-136  or  equivalent. 

212.  MODERN  NETWORK  ANALYSIS  II  (2) 

Continuation  of  211.  Frequency  analysis  of  excitation  and  response;  study  of 
network  responses  using  Laplace  transform  methods  and  superposition  inte¬ 
gral,  two-port  networks  and  their  properties;  device  and  parameters,  intercon¬ 
nections  of  two-ports.  N-ports  and  n-terminal  networks.  State  variable  tech¬ 
niques.  Prerequisite:  211. 

213.  LINEAR  SYSTEM  ANALYSIS  (2) 

Mathematical  methods  in  the  analysis  and  design  of  linear  systems,  network 
modeling  of  devices  and  systems,  system  simulation,  system  response  via 
transfer  functions  and  state  variables,  stability  problems.  Brief  discussions  on 
discrete  time  systems  and  selected  topics:  Controllability,  observability,  and 
optimization.  Prerequisite:  211. 

214.  TOPOLOGICAL  STUDY  OF  LINEAR  NETWORKS  (2) 

Topological  analysis  of  passive  and  active  linear  networks:  planarity  and 
duality,  topological  analysis  of  passive  one-ports  and  two-ports,  flowgraph 
techniques  for  linear  systems,  topological  analysis  of  active  linear  networks, 
topological  applications  to  switching  networks.  Introduction  to  topological  syn¬ 
thesis  and  other  applications.  Prerequisite:  211. 

215.  NETWORK  SYNTHESIS  (2) 

Testing  of  positive  real  functions.  Driving  point  synthesis  of  two  and  three  ele¬ 
ment  kind  passive  networks.  Introduction  to  two-port  synthesis.  Prerequisite: 
211;  212  recommended. 

216.  NETWORK  SYNTHESIS  AND  OPTIMIZATION  (2) 

Computer  Aided  Network  Design:  Sensitivity,  tolerance,  analysis,  and  optimiza¬ 
tion.  Prerequisite:  211  and  elementary  computer  programming  background. 

217.  ACTIVE  NETWORK  ANALYSIS  AND  DESIGN  (2) 

An  introduction  to  the  analysis  and  design  of  linear  active  networks  with  an 
emphasis  on  the  design  of  inductorless  filters  using  voltage  amplifiers,  nega¬ 
tive-impedance  converters,  gyrators,  and  operational  amplifiers.  Sensitivity  and 
stability  considerations.  Prerequisite:  215. 
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218.  COMPUTER  AIDED  CIRCUIT  DESIGN  (2) 

A  survey  of  modern  computer  techniques  for  the  analysis  and  synthesis  of 
linear  and  non-linear  general  networks.  Numerical  and  symbolic  methods,  tol¬ 
erance  analysis,  optimization,  and  device  modeling.  Prerequisite:  212,  213,  or 
214. 

219.  TOPICS  IN  NETWORK  THEORY  (2) 

231.  DESIGN  OF  FEEDBACK  CONTROL  SYSTEMS  (2) 

Design  of  linear,  continuous  control  systems  utilizing  techniques  of  the  fre¬ 
quency  response  method,  root-locus,  and  parameter  plane  method.  Time  and 
frequency  response  correlation  and  steady-state  analysis.  Prerequisite:  131. 

232.  INTRODUCTION  TO  NONLINEAR  SYSTEMS  (2) 

Graphical  analysis  of  nonlinear  systems — phase  plane.  Basic  nonlinear  phe¬ 
nomena.  Linearization.  Limit  cycles  and  frequency  analysis  by  the  describing 
function  method.  Stability  in  the  sense  of  Liapunov.  Prerequisite:  131. 

233.  INTRODUCTION  TO  DISCRETE  SYSTEMS  (2) 

Description  of  discrete  signals  and  sampler  operation.  Linear  system  analysis 
by  Z-transform  and  state  space  techniques.  Stability  analysis  of  linear  systems. 
Prerequisite:  131. 

234.  DISCRETE  SYSTEM  ANALYSIS  AND  DESIGN  (2) 

Continuation  of  133.  Design  of  discrete  control  systems  by  pulsed  networks  and 
digital  controllers.  Multivariate  sampling.  Nonlinear  systems — stability  analysis. 
Optimality. 

235.  NONLINEAR  SYSTEMS  ANALYSIS  AND  DESIGN  (2) 

Harmonic  Linearization  of  Krylov-Bogoliubov  and  describing  function  method — 
applicability  conditions.  Transient  and  forced  non-linear  oscillations.  Jump 
resonance.  Stability  analysis  of  Liapunov’s  second  method.  Absolute  stability — 
Popov’s  method.  Prerequisite:  232. 

236.  INTRODUCTION  TO  TIME-DOMAIN  SYSTEM  ANALYSIS  (2) 

Concept  of  state  and  state  vector  equations.  Complete  solution  of  linear  vector 
equations.  Controllability  and  observability.  Stability  and  sensitivity.  Optimality. 
Prerequisite:  131  and  Applied  Mathematics  145. 

237.  INTRODUCTION  TO  OPTIMAL  SYSTEMS  (2) 

Variational  calculus  and  optimal  control.  Euler-Lagrange  equations.  Pontryagin’s 
maximum  principle.  Bellman’s  dynamic  programming.  Linear  regulator  problem. 
Time-optimal  control.  Prerequisite:  236. 

238.  OPTIMIZATION  TECHNIQUES  (2) 

Numerical  techniques  for  optimization.  Mathematical  programming:  linear,  qua¬ 
dratic,  nonlinear.  Iterative  techniques:  gradient,  Newton,  dynamic  programming. 
Prerequisite:  237. 
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239.  TOPICS  IN  SYSTEM  THEORY  (2) 

241.  THEORY  OF  COMMUNICATION  (2) 

A  general  introduction  to  problems  of  communication.  Probability.  Fourier  series 
representation.  Modulation.  Noise.  Prerequisite:  113. 

242.  INFORMATION  THEORY  I  (2) 

An  introduction  to  the  fundamental  concepts  of  information  theory  including 
source  coding,  the  discrete  channel  without  memory,  and  elementary  parity 
check  codes.  Prerequisite:  241  and  Applied  Mathematics  111. 

243.  INFORMATION  THEORY  II  (2) 

A  continuation  of  242  including  the  fundamentals  of  cyclic  codes,  models  for 
information  sources,  the  discrete  channel  with  memory,  and  the  continuous 
channel. 

244.  INFORMATION  THEORY  III  (2) 

Further  study  of  error  detecting  and  connecting  codes  including  the  necessary 
elements  of  Gallois  field  theory  and  the  use  of  shift  registers  as  encoding  and 
decoding  devices.  Prerequisite:  243  or  an  equivalent  introduction  to  coding. 

245.  SIGNAL  DETECTION  THEORY  (2) 

Offered  in  spring  of  odd-numbered  years.  Digital  Communication  System.  Signal 
detection  in  a  noisy  environment.  Decision  criteria.  Hypothesis  testing.  Param¬ 
eter  estimation.  Adaptive  Systems.  Prerequisite:  241  and  Applied  Mathematics 
111. 

246.  COHERENT  COMMUNICATION  THEORY  (2) 

Offered  in  spring  of  even-numbered  years.  Phase  Control.  Phase-locked  loops. 
Noise  effects.  Coherent  communication.  Modulation  schemes.  Uncoded  and 
coded  systems.  Prerequisite:  241  and  Applied  Mathematics  111. 

247.  EXPONENTIAL  MODULATION  (2) 

Theory  and  applications  of  frequency  and  phase  modulation  systems.  Distor¬ 
tion  of  FM  signals.  Transient  effects.  Generation  and  detection  of  FM.  Signal-to- 
noise  improvement.  Threshold  extension.  Prerequisites:  241  and  Applied  Mathe¬ 
matics  111. 

248.  PULSE  MODULATION  (2) 

The  sampling  principle.  Pulse  modulation  techniques.  Multiplexing.  Pulse  code 
modulation.  Signal-to-noise  improvement.  Comparative  analysis  of  modulation 
systems.  Prerequisite:  247. 

249.  TOPICS  IN  COMMUNICATION  THEORY  (2) 
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251.  FUNDAMENTALS  OF  TRANSISTORS  AND  CIRCUITS  (2) 

Physics  of  transistors,  equivalent  circuits,  simple  amplifiers.  Prerequisite:  152. 

252.  TRANSISTOR  CIRCUIT  DESIGN  (2) 

Stability,  low-frequency  response,  feedback,  D.C.  amplifiers,  power  amplifiers, 
power  supplies.  Prerequisite:  251. 

253.  HIGH-FREQUENCY  TRANSISTOR  CIRCUITS  (2) 

High-frequency  equivalent  circuits,  neutralization,  tuned  amplifiers  (signal), 
tuned  amplifiers  (power),  switching  characteristics,  noise  problems.  Prerequisite: 
252. 

254.  WIDE-BAND  AMPLIFIERS  I  -  LOW  PASS  (2) 

Special  equivalent  circuits,  complex  frequency  approach,  steady  state  and  time 
response.  Prerequisite:  252. 

255.  WIDE-BAND  AMPLIFIERS  II  -  LOW  PASS  (2) 

Continuation  of  time  response  analysis.  Complex  plane  representation.  Gain 
Functions.  Additive  Amplifiers.  Prerequisite:  254. 

256.  WIDE-BAND  AMPLIFIERS  III  -  BAND  PASS  (2) 

Low-pass  to  band-pass  transformations,  design  data,  impedance  transforms, 
double  tuned  and  triple  tuned  interstages.  Prerequisite:  255. 

257.  WIDE-BAND  AMPLIFIERS  IV  (2) 

Special  topics  in  wide-band  amplifiers.  Prerequisite:  256. 

259.  TOPICS  IN  ELECTRONICS  CIRCUITS  (2) 

264.  SEMICONDUCTOR  DEVICE  THEORY  I  (2) 

The  physics  of  semiconductor  junctions  and  materials  presented  as  a  basis  for 
the  development  of  physical  models  of  junction  transistors.  Various  models 
compared  and  their  merits  in  various  applications  discussed.  Prerequisite:  A 
senior-level  course  in  transistor  electronics  and  a  course  in  modern  physics. 

265.  SEMICONDUCTOR  DEVICE  THEORY  II  (2) 

A  continuation  of  264,  including  other  semiconductor  devices,  with  emphasis  on 
surface  phenomenon  and  field  effect  transistors. 

266.  INTEGRATED  CIRCUIT  DESIGN  I  (2) 

Survey  of  processes;  integrated  components,  general  design  considerations. 
Prerequisite:  264  or  equivalent.  252  recommended. 
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267.  INTEGRATED  CIRCUIT  DESIGN  II  (2) 

Linear  and  digital  integrated  circuit  analysis  and  design.  L.S.I.,  M.S.I.  memories. 
Computer-aided  analysis.  Prerequisite:  266. 

269.  TOPICS  IN  SEMICONDUCTORS  AND  SEMICONDUCTOR  TECHNOLOGY  (2) 

271.  BIOLOGICAL  SYSTEMS  I  (2) 

Introduction  to  the  functioning  of  living  systems  at  the  cellular  level.  Cell  struc¬ 
ture  and  composition,  generation  and  flow  of  energy  through  living  systems. 
The  control  of  metabolic  processes.  Introduction  to  genetics,  biological  infor¬ 
mation  storage  and  retrieval.  Not  recommended  for  students  who  have  taken  a 
recent  college  level  course  in  biology  or  biochemistry. 

271 L.  BIOLOGY  LABORATORY  FOR  ENGINEERS  (2) 

Introduction  to  laboratory  techniques  and  procedures  in  biology.  Designed  to 
accompany  271  which  must  be  taken  concurrently.  Experimental  topics  are 
correlated  with  the  lecture  topics. 

272.  BIOLOGICAL  SYSTEMS  II  (2) 

Introduction  to  the  functioning  of  the  human  body.  Nervous  system  and  nerve 
function,  circulatory,  respiratory,  endocrine,  excretory  systems  and  reproduc¬ 
tion.  271  recommended,  but  not  required.  Not  recommended  for  students  who 
have  taken  a  recent  college  level  course  in  biology  or  physiology. 

272L.  BIOLOGY  LABORATORY  FOR  ENGINEERS  (2) 

Introduction  to  laboratory  techniques  and  procedures  in  biology.  Designed  to 
accompany  272  which  must  be  taken  concurrently.  Experimental  topics  are 
correlated  with  the  lecture  topics. 

273.  BIOLOGICAL  CONTROL  SYSTEMS  (2) 

Cybernetics,  biosystems,  modeling,  and  evaluation  of  linear  and  nonlinear  sys¬ 
tems  theory  applied  to  biosystems.  Examples  of  bioengineering  approaches  to 
the  pupillary  control  system,  the  development  of  muscular  contractile  force 
and  the  nature  of  the  cardiac  dynamics. 

274.  BIOENGINEERING  MEASURMENTS  (2) 

Problems  involved  in  measurements,  data  presentation  and  reduction.  Selected 
examples  of  electric  and  mechanical  measurements  in  animal  systems.  272  or 
equivalent  recommended  but  not  required. 

275.  ADVANCED  BIOLOGICAL  SYSTEMS  (2) 

Detailed  discussions  of  selected  topics  of  human  physiology.  Special  emphasis 
will  be  given  to  function  of  the  eye,  ear,  nervous  system  and  brain.  Prerequisite: 
272  or  equivalent. 
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279.  TOPICS  IN  BIOENGINEERING  (2) 

280.  POWER  TRANSMISSION  SYSTEMS  (2) 

Calculation  of  transmission  line  parameters.  Sequence  impedances,  bundled 
conductors,  multiplex  calculations.  Introduction  to  EHV  systems,  AC  and  DC 
operation.  Switching  transients  and  voltage  recovery. 

281.  COMPUTER  ANALYSIS  OF  POWER  NETWORKS  I  (2) 

Introduction  to  network  topology.  Matrix  algebra,  incidence  matrices.  Develop¬ 
ment  of  Z-BUS,  Y-BUS,  Z-LOOP,  etc.,  by  singular  and  nonsingular  transforma¬ 
tions.  Three  phase  analysis  including  symmetrical  and  Clark’s  components. 
Short  circuit  studies  and  relaying. 

282.  COMPUTER  ANALYSIS  OF  POWER  NETWORKS  II  (2) 

Numerical  analysis,  load  flow  studies,  load  representation,  transformer  model¬ 
ing.  Development  of  reduction  techniques  including  triangularization  and  dia- 
koptics.  Network  equivalents.  Prerequisite:  281. 

283.  POWER  SYSTEM  CONTROL  I  (2) 

Concepts  of  modern  control  theory  applied  to  theory  of  eigenvalve  sensitivity 
analysis;  linear  analysis  of  load — frequency  control  of  power  systems.  Pre¬ 
requisite:  236. 

284.  POWER  SYSTEM  CONTROL  II  (2) 

A  general  formulation  of  the  economic  dispatch  problem  based  on  the  Lagrange 
Multipliers  approach. 

285.  ELECTROMECHANICAL  ROTATING  DEVICE  THEORY  (2) 

Introduction  to  mechanical  and  electrical  dynamics  of  synchronous  machines. 
Excitation  system  and  modeling  of  d.c.  machines.  Induction  motor  transients. 
A  general  formulation  of  the  economic  dispatch  problem  based  on  the  Lagrange 
Multipliers  approach. 

286.  POWER  SYSTEM  STABILITY  (2) 

Modeling  of  fossil-fuel,  nuclear  and  water  wheel  power  plants.  Excitation  systems 
and  controls.  Two  machine  stability,  equal  area  criterion  and  swing  equations. 
Large  system  dynamics,  mechanical  and  electrical  transients.  Prerequisite:  285. 

287.  DISTRIBUTION  SYSTEM  PLANNING  (2) 

Planning  techniques  as  applied  to  electrical  utility  distribution  planning.  Analyti¬ 
cal  techniques  and  computer  applications.  Load  forecasting,  economic  sizing 
of  substations,  economics  conductor  sizing.  Voltage  control  by  reactor  and 
capacitor  methods.  Optimum  placement  of  capacitor  on  radial  feeders.  Power 
factor  correction.  Transformer  management. 
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288.  POWER  SYSTEM  SEMINAR  (2) 

289.  TOPICS  IN  POWER  SYSTEMS  (2) 

299.  ELECTRICAL  ENGINEERING  PROBLEMS  (2-4) 

Special  Electrical  Engineering  problems.  By  arrangement. 

300.  THESIS  RESEARCH  (3-9) 

Electrical  Engineering  research  conducted  under  the  supervision  of  a  faculty 
advisor.  Preparation  of  a  suitable  written  thesis  covering  the  investigation. 

301.  INTRODUCTION  TO  DIGITAL  SYSTEMS  I  (2) 

Information  representations  in  digital  systems;  number  systems;  binary  octal, 
hexadecimal;  integers,  real  numbers;  coding:  BCD  codes,  gray  codes,  codes  for 
non-numeric  information.  Elements  of  computer  systems:  processors,  memories, 
peripherals.  Algorithmic  solution  of  problems;  flow  charts.  Elementary  FORTRAN 
programming:  I/O  operations,  formatting,  assignment  statements,  control  state¬ 
ments.  Modern  computer  peripherals:  mass  data  files,  graphic  I/O  units,  etc. 

302.  INTRODUCTION  TO  DIGITAL  SYSTEMS  II  (2) 

A  continuation  of  301.  Introduction  to  Boolean  algebra;  switching  functions;  ele¬ 
mentary  minimization  techniques.  Introduction  to  symbolic  machine  languages 
and  assembler  language  programming:  arithmetic  and  logical  operations,  regis¬ 
ter  manipulations,  transfers,  program  linkage.  Introduction  to  combinational 
logic  circuits;  gate  types;  logic  families.  Introduction  to  sequential  circuit  con¬ 
cepts.  Review  of  contemporary  digital  systems  components:  MSI,  LSI,  bipolar 
and  MSI  technologies:  read-only,  read-mostly,  and  read-write  memory  devices. 
Prerequisite:  301. 

303.  DIGITAL  COMPUTER  HARDWARE  TECHNIQUES  (3) 

A  survey  of  switching  theory  and  computer  design.  Boolean  algebra.  Switching 
functions  and  their  representations:  truth  tables  and  canonical  expressions. 
Minimization  techniques.  Introduction  to  sequential  circuits:  memory  elements; 
implementation  of  simple  synchronous  sequential  circuits.  Design  and  imple¬ 
mentation  of  digital  computer  hardware  elements.  Computer  memory  systems. 
Prerequisite:  302. 

304.  DIGITAL  COMPUTER  SOFTWARE  TECHNIQUES  (3) 

A  survey  of  techniques  for  data  management  and  processing.  Special  considera¬ 
tions  for  machine  language  and  assembler  language  programming.  Subroutine 
implementation  and  linkage.  Standard  data  structures  and  their  processing. 
Sorting  techniques.  Introduction  to  programming  languages  and  their  translators. 
Prerequisite:  302. 

305.  SWITCHING  THEORY  AND  LOGIC  DESIGN  I  (2) 

Propositional  logic.  Boolean  algebra.  Axiom  systems  and  proof  techniques. 
Truth  tables  and  canonical  expressions  for  switching  functions.  Design  of  com- 
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binational  logic  circuits.  Techniques  for  the  minimization  of  switching  functions. 
Special  considerations  for  multiple-output  circuits.  Switching  functions  with  spe¬ 
cial  properties.  Logic  networks  with  special  characteristics.  Prerequisite:  302. 

306.  SWITCHING  THEORY  AND  LOGIC  DESIGN  II  (2) 

Sequential  switching  network  analysis  and  synthesis.  General  sequential  ma¬ 
chine  models.  Regular  expressions.  Asynchronous  fundamental  mode  circuits. 
Timing  problems  and  their  resolution.  Synchronous  circuits  and  other  pulse 
mode  networks.  Flip-flop  types.  Derivation  of  excitation  functions.  Commonly 
used  sequential  circuit  configurations.  Prerequisite:  305. 

307.  DIGITAL  COMPUTER  ORGANIZATION  AND  ARCHITECTURE  I  (2) 

Review  of  basic  digital  systems  components  including  MSI  and  LSI  functions. 
Computer  arithmetic  techniques.  Overall  organization  of  arithmetic  and  logic 
units.  Computer  memory  systems.  I/O  channels;  peripheral  devices;  interrupt 
systems.  Methods  of  control.  This  course  will  include  a  detailed  computer  de¬ 
sign  project.  Prerequisite:  306  and  either  304,  311  or  the  consent  of  the  in¬ 
structor. 

308.  DIGITAL  COMPUTER  ORGANIZATION  AND  ARCHITECTURE  II  (2) 

Survey,  comparison,  and  contrasting  of  the  architecture  of  existing  and  proposed 
digital  computers.  Multiprocessing;  multiprogramming;  paging  and  segmentation 
schemes,  virtual  machine  concepts.  Other  current  topics  of  interest.  Pre¬ 
requisites:  307,  312,  or  consent  of  the  instructor. 

310.  DATA  STRUCTURES  AND  ALGORITHMIC  TECHNIQUES  I  (2) 

Machine  dependent  programming  techniques.  Machine  language  programming: 
absolute  coding;  address  modification,  looping.  Computer  modelling:  small  com¬ 
puter  simulator;  simple  interpreters;  simple  assembler  algorithms.  Subroutine 
linkage.  String  processing.  Macros  and  conditional  assembly:  conditional  as¬ 
sembly  pseudo-instructions;  development  of  a  high-level  language  using  macros. 
Prerequisite:  302. 

311.  DATA  STRUCTURES  AND  ALGORITHMIC  TECHNIQUES  II  (2) 

Machine  independent  programming  techniques.  Arrays.  Lists.  Organization  of 
storage  using  arrays  and  lists.  Searching  and  insertion  techniques.  Sorting.  Re¬ 
cursion  and  re-entrancy:  where  used;  implementation.  Prerequisite:  310. 

312.  PROGRAMMING  LANGUAGES  AND  SOFTWARE  SYSTEMS  I  (2) 

Design  and  implementation  of  programming  languages  and  their  translators. 
Methods  for  description  and  analysis  of  languages;  methods  for  formal  descrip¬ 
tion,  meta  languages.  Assemblers  and  macro  processors.  Translators,  inter¬ 
preters,  and  compilers:  definitions  and  distinctions;  examples  and  uses  of  each. 
Loaders.  Introduction  to  meta  compilers  and  translator  writing  systems.  This 
course  will  include  a  project  involving  the  development  of  a  major  piece  of  soft¬ 
ware.  Prerequisite:  311  and  either  303,  306,  or  the  consent  of  the  Instructor. 
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313.  PROGRAMMING  LANGUAGES  AND  SOFTWARE  SYSTEMS  II  (2) 

Basic  concepts  of  operating  systems;  definitions;  types;  services,  basic  hard¬ 
ware  concepts:  channels,  interrupt  and  trapping  systems.  I/O  techniques.  Man¬ 
agement  of  memory  and  other  resources.  Scheduling.  Batch  processing.  Multi¬ 
programming.  Timesharing.  Introduction  to  multi-processor  systems.  Measuring 
and  monitoring  of  software  systems.  Special  considerations  for  reliability  and 
availability.  Prerequisite:  312. 

314.  HARDWARE  LABORATORY  (2-4) 

Individual  or  small  group  effort  on  an  original  project.  Work  will  include  all  de¬ 
sign  and  implementation  phases  from  initial  conception  and  project  definition 
through  final  wiring,  testing,  and  documentation.  Prerequisite:  307  and  consent 
of  instructor. 

315.  SOFTWARE  LABORATORY  (2-4) 

Individual  or  small  group  effort  on  an  original  project.  Work  will  include  all  de¬ 
velopment  phases  from  initial  conception  and  project  definition  through  final 
testing  and  documentation.  Prerequisites:  311  and  consent  of  instructor. 

316.  ADVANCED  SWITCHING  AND  AUTOMATA  THEORY  (OFFERED  IN  ALTERNATE 
YEARS)  (2) 

Special  classes  of  switching  functions,  their  implementation,  and  applications. 
Review  of  the  theory  of  partially  ordered  sets,  lattice  theory,  and  group  theory. 
Functional  decomposition.  Transition  systems.  Regular  expressions  and  regular 
machines.  Loop-free  decomposition  of  sequential  machines.  Computability.  Tur¬ 
ing  machines.  Other  related  topics  of  interest.  Prerequisite:  306  and  Applied 
Mathematics  140  or  consent  of  instructor. 

317.  LSI  MEMORY  I  (2) 

Storage  characteristics  of  the  most  common  bipolar  and  MOS  memory  circuits. 
Relative  advantages  and  disadvantages  of  bipolar  and  MOS  memory  circuits. 
Organization  of  LSI  memory  components.  Characteristics  of  presently  available 
RAM,  ROM,  CAM  and  shift  register  LSI  memory  components.  Study  of  the  basic 
parts  of  a  complete  random  access  LSI  memory  system.  The  LSI  memory  market 
and  economic  factors.  Prerequisites:  251  and  either  303  or  306. 

318.  LSI  MEMORY  II  (2) 

A  continuation  of  317.  Basic  organization  of  serial  memory  systems.  Basic  or¬ 
ganization  of  CAM  systems.  Applications  of  CAM  and  RAM  systems  and  com¬ 
parisons.  Storage  hierarchy  schemes  in  complete  systems.  Use  of  memory  for 
logic  applications.  Use  of  error  detection  and  correction  techniques  to  improve 
memory  system  reliability.  Detailed  comparison  of  relative  advantages  and  dis¬ 
advantages  of  LSI  and  magnetic  memory  systems.  Prerequisite:  217. 
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319.  MICROPROGRAMMING  (2) 

Historical  review  of  computer  development  and  microprogramming.  General 
methods  for  control  of  digital  systems;  basic  principles  of  the  microprogram¬ 
ming  approach.  Applications  of  microprogramming.  Use  of  writable  control 
memories.  Design  aids  to  microprogramming.  Study  and  evaluation  of  a  micro¬ 
programmed  computer;  design  philosophy;  advantages  and  disadvantages. 
Microdiagnostics.  Current  trends  in  microprogramming  research.  This  course 
will  include  a  major  design  project  by  the  student.  Prerequisite:  307  and  312  or 
consent  of  instructor. 

320.  REAL-TIME  COMPUTATION  (2) 

Hardware  and  software  design  of  computer  systems  for  on-line  and  real-time 
applications  in  digital  and  hybrid  computation.  Prerequisites:  307  and  312  or 
consent  of  instructor. 

321.  TELECOMPUTING  (2) 

A  comprehensive  study  of  teleprocessing  systems.  Prerequisites:  307  and  312 
or  consent  of  instructor. 

322.  COMPUTER  GRAPHICS  (2) 

A  comprehensive  study  of  both  hardware  and  software  aspects  of  graphic  input/ 
output  systems  for  digital  computers.  Prerequisites:  307  and  312  or  consent  of 
instructor. 

323.  DESIGN  OF  RELIABLE  DIGITAL  SYSTEMS  (OFFERED  IN  ALTERNATE  YEARS) 

(2) 

Hardware  and  software  techniques  for  meeting  stringent  reliability  demands 
with  digital  equipment.  Digital  system  failure  modes.  Fault  detection  and  diag¬ 
nosis.  Fault  equivalence  and  its  implications.  Hardware  redundancy  techniques. 
Error-detecting  and  error-correcting  codes.  Software  techniques  for  improving 
reliability.  Other  related  topics  of  interest.  Prerequisites:  307  and  312  or  consent 
of  instructor. 

324.  PARALLEL  PROCESSING  SYSTEMS  (2) 

A  comprehensive  study  of  important  problems  associated  with  highly  parallel 
computer  architectures.  Further  details  to  be  announced. 

325.  ANALOG  AND  HYBRID  COMPUTING  SYSTEMS  (3) 

Introduction  to  analog  computing  systems;  solution  of  linear  equations;  repre¬ 
sentations  of  transfer  functions;  nonlinear  function  generation;  magnitude  and 
time  scaling;  advantages  and  limitations  of  analog  computer  systems.  Analog/ 
digital  and  digital/analog  interfaces.  Hybrid  computer  systems;  principles,  ad¬ 
vantages,  applications,  examples.  Prerequisites:  102  and  either  303  or  306. 
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327.  ADVANCED  SYSTEMS  ARCHITECTURE  (2) 

This  course  will  vary  somewhat  from  year  to  year  and  will  include  detailed 
studies  of  the  architecture  of  state-of-the-art  computer  systems.  Emphasis  will 
be  on  large,  high-performance  machines.  Prerequisites:  308,  313  or  consent  of 
instructor. 

328.  INTRODUCTION  TO  ARTIFICIAL  INTELLIGENCE  (2) 

Problems  associated  with  definitions  of  intelligence.  Studies  of  computer  sys¬ 
tems  exhibiting  “intelligent”  behavior.  Introduction  to  robotics.  Further  details 
to  be  announced. 

329.  SPECIAL  TOPICS  IN  DIGITAL  SYSTEMS  (2-4) 

330.  STATISTICAL  SYSTEM  ANALYSIS  (2) 

Analysis  and  design  of  control  systems  subject  to  stochastic  input  signals. 
Wiener-Kalman’s  prediction  theory.  Design  of  optimal  control.  Prerequisite:  236. 

340.  DIGITAL  FILTER  THEORY 

Introduction  to  digital  signal  processing,  discrete  systems,  the  z-transform, 
digital  filter  design,  quantization  effects,  fast  Fourier  transform,  and  data  re¬ 
construction.  Prerequisite:  241  or  equivalent  study  of  transforms  theory. 

351.  SWITCHING  DEVICES  (2) 

Suitable  equivalent  circuits.  Semiconductor  switching  characteristics;  delay, 
storage  time,  recovery  time,  charge  control  parameters.  Circuit  techniques: 
circuit  theorems,  solution  of  differential  equations  with  boundary  values  by  in¬ 
spection.  Elementary  switching  applications.  Prerequisite:  251. 

352.  TIMING  AND  PULSE  GENERATION  (2) 

Regenerative  switching  and  wave-form  generation,  effects  of  inductance  in 
switching  and  pulse  circuits,  pulse-forming  circuits  and  high-power  pulse  ampli¬ 
fiers.  Prerequisite:  351. 

360.  INTRODUCTION  TO  NONLINEAR  MAGNETICS  (2) 

The  properties  and  characteristics  of  magnetic  materials.  Magnetization  in  fine 
particles,  thin  magnetic  films  and  bulk  magnetic  materials. 

361.  MAGNETIC  RECORDING  I  (2) 

Magnetic  recording  from  basic  and  technological  points  of  view.  The  magnetic 
field  around  a  recording  head,  tape  magnetization  models,  magnetic  media, 
analog  and  digital  recording,  biased  and  unbiased  recording.  Prerequisite:  360 
recommended. 

362.  MAGNETIC  RECORDING  II  (2) 

The  magnetic  reproducing  process.  Properties  of  magnetic  media.  Prerequisite: 
361. 
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363.  MAGNETIC  RECORDING  III  (2) 

Recording  techniques  and  systems.  Prerequisite:  362. 

365.  CIRCUIT  APPLICATIONS  OF  NONLINEAR  MAGNETIC  DEVICES  (2) 

Equivalent  circuits,  methods  of  analysis  and  design.  Selected  designs  of  mag¬ 
netic  modulators,  inverters,  logic  circuits  and  magnetometers.  Prerequisite:  360 
recommended. 

367.  MAGNETIC  MEMORIES  (2) 

Organization  and  characteristics  of  magnetic  memories,  including  ferrite  cores, 
planar  thin  film  and  coated  wire  memories.  Comparison  with  optical  and  semi¬ 
conductor  memories.  Prerequisite:  360  recommended. 

368.  THEORY  AND  APPLICATIONS  OF  DIGITAL  INTEGRATED  CIRCUITS  (2) 

Monolithic  integrated  circuits  fabrication  technique.  Characteristics  and  proper¬ 
ties  of  RTL,  DTL,  TTL,  CTL,  CML,  MOS  and  threshold  logic.  Prerequisite:  367. 

369.  SPECIAL  TOPICS  IN  MAGNETICS  (2) 


MECHANICAL  ENGINEERING 

Richard  K.  Pefley,  M.E.,  Chairman 

Professors:  Richard  K.  Pefley,  Michel  A.  Saad 
Associate  Professors:  R.  Ian  Murray,  Stein  Weissenberger,  Eugene  J.  Fisher 
Visiting  Associate  Professor:  Dah  Yu  Cheng 
Assistant  Professor:  Eugene  J.  Fisher 
Lecturers:  Peter  G.  Aline,  Robert  F.  Burt,  George  G.  Herzl, 

Mamoru  Inouye,  Norman  G.  Kulgein,  Frank  E.  Talke,  Clyde  E.  Taylor, 

John  R.  Viegas,  Marcel  Vinokur,  Roger  K.  Wedel 

Mechanical  engineering  efforts  are  devoted  to  dynamic  machinery  ranging  from 
jet  aircraft  and  spacecraft  to  include  artificial  human  organs.  Without  guidance  and 
control,  energy  for  motivation,  and  proper  materials,  these  machines  would  be  useless. 
Thus  energy  conversion,  material  science,  fluid  flow,  and  guidance  and  control  schemes 
come  under  the  purview  of  mechanical  engineers. 

Because  of  the  wealth  of  creation  in  engineering  systems,  it  becomes  imperative 
that  engineers  have  a  broad  awareness  of  the  possible  consequences  of  their  creative 
schemes.  This  awareness  is  being  increasingly  emphasized  throughout  the  mechanical 
engineering  program. 

15.  MATERIAL  SCIENCE  AND  MANUFACTURING  PROCESSES 

Physical  basis  of  the  electrical,  mechanical,  and  thermal  behavior  of  solids.  Re¬ 
lations  between  structural  and  physical  properties.  Theory  of  dislocations,  va¬ 
cancies,  and  other  defects  and  their  effect  on  physical  properties.  Illustrations 
of  the  relationship  between  material  selection,  manufacturing  processes  and  de¬ 
sign.  Laboratory.  Prerequisite:  Physics  6. 

110.  MACHINE  DESIGN  I 

Analytical  and  graphical  analysis  of  linkages  utilizing  statics,  dynamics,  and 
strength  of  materials.  Machine  elements  studied  will  include  electromechanical 
and  pneumatic-hydraulic  components.  Prerequisites:  11,  Civil  Engineering  116. 

111.  MACHINE  DESIGN  II 

Continuation  of  Machine  Design  I.  System  analysis  and  synthesis  will  be  studied, 
including  control  systems.  Solutions  to  design  problems  will  be  critically  eval¬ 
uated  by  employing  case  studies.  Prerequisite:  110. 

112.  ADVANCED  MACHINE  DESIGN 

Continuation  of  Machine  Design  II — Emphasis  is  placed  on  design  projects.  In¬ 
tegration  of  various  components  into  a  complete  machine  is  studied.  Prerequi¬ 
site:  M.E.  111. 

120.  THERMOFLUID  MECHANICS  I 

Consideration  of  thermal  and  fluid  properties  of  matter,  Newton’s  laws  of  mo- 


57 


tion,  and  the  laws  of  thermodynamics.  Emphasis  is  placed  on  the  application  of 
these  principles  to  the  analysis  of  fluid  systems.  Laboratory  work  emphasizes 
dimensional  analysis  as  a  guide  to  experimental  studies  of  fluid  flow.  Pre¬ 
requisite:  Engineering  41. 

121.  THERMOFLUID  MECHANICS  II 

Continuation  of  120.  Emphasis  is  placed  on  control  volume  analyses  of  thermo¬ 
fluid  systems  and  on  the  implications  of  the  second  law  of  thermodynamics  for 
such  systems.  Laboratory  work  stresses  evaluation  of  system  performance. 

123.  GAS  DYNAMICS 

Introduction  to  one-dimensional  compressible  flow  of  gasses,  isentropic  flow, 
normal  shock  waves,  frictional  flow  and  adiabatic  flow.  Prerequisite:  121. 

125.  THERMODYNAMICS 

Thermodynamic  potentials  and  availability  concepts.  Nonreactive  mixtures.  Re¬ 
active  mixtures  with  emphasis  on  the  thermodynamics  of  combustion  and  chem¬ 
ical  equilibrium.  Prerequisite:  121. 

135.  HEAT  TRANSFER 

Introduction  to  the  concepts  of  conduction,  convection,  and  radiation  heat 
transfer,  and  application  of  these  concepts  to  engineering  problems.  Pre¬ 
requisite:  121. 

138.  NUCLEAR  REACTORS 

Introduction  to  principles  underlying  nuclear  power  reactor  design.  Senior 
standing  required. 

140.  ADVANCED  DYNAMICS 

Derivation  and  solution  of  equations  of  motion  of  linear  dynamic  systems. 
Stability,  introduction  to  feedback  control  systems,  vibration  and  noise.  Pre¬ 
requisite:  Engineering  42. 

142.  FLUID  MECHANICS 

Introduction  to  gas  dynamics.  Concepts  of  lift  and  drag.  Mechanics  of  laminar 
and  turbulent  flow.  Introduction  to  boundary-layer  theory.  Application  to  selected 
topics  in  lubrication  theory,  aerodynamics,  turbomachinery,  and  pipe  networks. 
Prerequisite:  121. 

150.  ENGINEERING  ECONOMICS  AS  A  BASIS  FOR  OPTIMIZATION  I  (2) 

Time  value  of  money,  plans  for  acquisition  and  retirement  of  capital  goods.  Ele¬ 
ments  of  quantatative  forecasting. 

151.  ENGINEERING  ECONOMICS  AS  A  BASIS  FOR  OPTIMIZATION  II  (2) 

Continuation  of  150. 
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205.  MACHINE  VIBRATIONS 


Behavior  of  one,  two,  and  multi-degree  of  freedom  systems  when  exposed  to 
periodic  forcing  functions. 


210.  NONLINEAR  OSCILLATIONS  I  (2) 

Phase  plane  and  phase  trajectories.  Singular  points.  Topology  of  phase  trajec¬ 
tories  in  the  neighborhood  of  singular  points.  Methods  of  isoclines  and  Lienard 
construction.  Conservative  systems.  Discontinuous  systems.  State  space.  Sta¬ 
bility.  Prerequisite:  140. 


211.  NONLINEAR  OSCILLATIONS  II  (2) 

Lyapunov’s  direct  method.  Stability  of  the  first  approximation.  Applications,  in¬ 
cluding  rigid  body  motion.  Computation  of  stability  domains.  Time-varying 
systems.  Absolute  stability.  Limit  cycles  and  topological  methods.  Poincare- 
Bendixson  theorem.  Perturbation  techniques.  Methods  of  Koryloff  and  Bogoliu- 
boff.  Describing  function.  Prerequisite:  210. 


215.  ADVANCED  DYNAMICS  I  (2) 

Vector  kinematics  and  dynamics  of  particles  and  systems  of  particles.  Energy 
and  momentum.  Systems  of  variable  mass. 


216.  ADVANCED  DYNAMICS  II  (2) 

Vector  kinematics  and  dynamics  of  rigid  bodies.  Lagrange’s  equations.  Pre¬ 
requisite:  215. 


218.  CLASSICAL  MECHANICS  I  (2) 

Vectorial  mechanics  of  a  system  of  particles.  Variational  principles.  Lagrange’s 
equations.  Conservation  laws.  Hamilton’s  principle.  Kinematics  of  rigid  body 
motion.  Inertia  tensor.  Prerequisite:  217. 

219.  CLASSICAL  MECHANICS  II  (2) 

Hamilton’s  equations.  Rigid  body  dynamics.  Stability  of  motion.  Applications  to 
satellite  attitude  control. 


220.  CELESTIAL  MECHANICS  I  (2) 

Review  and  extension  of  conic  geometry  and  spherical  trigonometry,  the  Kepler 
orbit,  problems  in  ideal  orbits,  orbit  determination,  Newtonian  modifications  to 
the  Kepler  planetary  system,  alternative  formulations  of,  and  approaches  to, 
orbital  mechanics,  error  analysis,  applications  of  orbit  mechanics  to  atomic 
physics.  Two-hour  lecture.  Prerequisites:  Differential  Equations  and  Dynamics. 
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221.  CELESTIAL  MECHANICS  II  (2) 

Potential  theory,  perturbation  theory,  satellite  motion  about  oblate  earth,  effects 
of  atmosphere  on  satellite  orbits,  physics  of  the  solar  system.  Two-hour  lecture. 
Prerequisite:  220. 

222.  CELESTIAL  MECHANICS  III  (2) 

Powered  trajectories,  ascent  and  re-entry,  orbital  maneuvers,  attitude  control, 
mission  analysis,  lunar  and  interplanetary  flight.  Two-hour  lecture.  Prerequisite: 
221. 

225.  GAS  DYNAMICS  I  (2) 

Flow  of  compressible  fluids  including  one-dimensional  isentropic  flow,  normal 
shock  waves,  frictional  flow.  Two-hour  lecture.  Prerequisite:  121. 

226.  GAS  DYNAMICS  II  (2) 

Continuation  of  225,  including  effects  of  heat  transfer  and  generalized  one¬ 
dimensional  flow.  Oblique  shocks  and  two-dimensional  potential  flow.  Two-hour 
lecture.  Prerequisite:  225  or  123. 

227.  GAS  DYNAMICS  III  (2) 

Continuation  of  226,  with  emphasis  on  linearized  flow  and  the  method  of  char¬ 
acteristics  for  supersonic  flow.  Two-hour  lecture. 

228.  GAS  DYNAMICS  IV  (2) 

Flow  of  gases  analyzed  from  a  microscopic  viewpoint.  Two-hour  lecture.  Pre¬ 
requisites:  225  and  230. 

229.  EQUILIBRIUM  THERMODYNAMICS  (2) 

Extremum  principles  of  thermodynamic  equlibrium.  Equations  of  state,  thermo¬ 
dynamic  potentials,  phase  transitions  and  thermodynamic  stability.  Theory  of 
chemical  equilibrium.  Extensions  and  application  to  elastic  systems  and  sys¬ 
tems  in  the  presence  of  fields.  Prerequisite:  125  or  equivalent. 

230.  STATISTICAL  THERMODYNAMICS  (2) 

Kinetic  theory  of  gases,  Maxwell-Boltzmann  distributions,  thermodynamic  prop¬ 
erties  in  terms  of  partition  functions,  quantum  statistics  and  applications.  Two- 
hour  lecture.  Prerequisites:  Differential  Equations  and  121. 

231.  NONEQUILIBRIUM  THERMODYNAMICS  (2) 

Macroscopic  dynamic  and  thermodynamic  conservation  principles  for  continuum 
systems.  Entropy  production,  entropy  balance,  and  the  nonequilibrium  state 
principal.  Linear  theory  of  nonequilibrium  processes  such  as  viscous  flow,  heat 
conduction,  diffusion,  chemical  reactions  and  electrical  conduction.  Onsager- 
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Casimir  reciprocity  and  the  principle  of  minimum  entropy  production.  Applica¬ 
tions  to  systems  of  engineering  interest.  Prerequisites:  229  and  266. 

234.  COMBUSTION  AND  SMOG  CONTROL  (2) 

Theory  of  combustion  processes.  Reaction  kinetics,  flame  propagation  theories. 
Emphasis  on  factors  influencing  pollution.  Two-hour  lecture.  Prerequisites:  Dif¬ 
ferential  Equations  and  121. 

236.  CONDUCTIVE  HEAT  TRANSFER  I  (2) 

Flow  of  heat  through  solid  and  porous  media  for  steady  and  transient  conditions. 
Consideration  of  stationary  and  moving  heat  sources.  Two-hour  lecture.  Pre¬ 
requisites:  Differential  Equations  and  ME  135. 

237.  CONDUCTIVE  HEAT  TRANSFER  II  (2) 

Continuation  of  236. 

238.  CONVECTIVE  HEAT  AND  MASS  TRANSFER  (2) 

Advanced  problems  in  heat  and  mass  transfer,  with  emphasis  on  convective 
heat  and  mass  transport.  Two-hour  lecture.  Prerequisite:  135. 

239.  TWO  PHASE  FLOW  -  HEAT  AND  MOMENTUM  ANALYSIS  (2) 

Considerations  of  possible  flow  regimes  for  closed  conduits  in  terms  of  pressure 
drop,  void  fraction,  and  heat  flux.  Prerequisites:  272,  135  or  equivalents. 

I 

240.  RADIATION  HEAT  TRANSFER  (2) 

Introduction  to  concepts  of  quantum  mechanics,  black  body  behavior  and 
radiant  heat  exchange  between  real  bodies.  Two-hour  lecture.  Prerequisite:  135. 

241.  SPACECRAFT  THERMODYNAMICS 

Review  of  applicable  radiation  heat  transfer.  Calculation  of  solar,  albedo,  and 
planet-shine  radiation  to  spacecraft.  Determination  of  shadow  points  and  orbit 
inclination  angles.  Discussion  of  degradation,  contact  conductivity,  heat  trans¬ 
port  and  temperature  control  methods.  Prerequisite:  135  or  equivalent. 

243.  CRYOGENICS  (2) 

Thermodynamic,  heat  transfer  and  fluid  mechanic  aspects  of  cryogenic  systems. 

248.  INTRODUCTION  TO  ATMOSPHERIC  ENTRY 

Trajectories,  motion,  aerodynamics,  aerodynamic  heating,  shock-layer  radiation. 
Emphasis  on  comprehension  of  fundamental  physical  principles. 
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250.  NUCLEAR  REACTOR  I  (2) 

Diffusion,  slowing  down  and  reaction  of  neutrons  in  nuclear  reactors  which 
determine  fuel  loading  and  reactivity  conditions  with  fission  product  poisoning 
and  burnup  for  reactor  design;  operation  and  control  in  homogeneous  or  hetero¬ 
geneous  fast  intermediate  or  thermal  neutron  systems. 

251.  NUCLEAR  REACTOR  ENGINEERING  II  (2) 

Special  problems  occuring  in  the  energy  removal  and  structural  design  of 
reactors  and  radiation  protection,  safeguards  and  reactor  shielding  problems 
occurring  in  nuclear  system  design.  Fuel  cycles,  reprocessing  and  nuclear  re¬ 
actor  economic  evaluations.  Prerequisite:  250. 

252.  REACTOR  THEORY  I  (2) 

Group  formulation  in  diffusion  approximations  for  neutron  reactions  occurring 
in  fissile  and  fertile  isotopes  with  resonance  escape  probabilities  leading  to  the 
neutron  slowing  down  formulation  with  the  Fermi  Age  treatment  and  thermaliza- 
tion  of  neutrons.  Prerequisite:  251  or  Physics  125. 

253.  REACTOR  THEORY  II  (2) 

Treatment  of  bare  and  reflected  homogeneous  and  heterogeneous  reactors  in¬ 
cluding  time  varying  neutron  density,  Xenon  transients  and  control  with  applica¬ 
tions  of  perturbation  theory  to  solution  of  reactor  problems  and  the  treatment 
of  the  Boltzmann  transport  of  neutrons.  Prerequisite:  252. 

255.  ADVANCED  PROPULSION  SYSTEMS  (2) 

Advanced  topics  in  the  analysis  of  propulsion  systems,  with  emphasis  on  re¬ 
cently  conceived  systems.  Two-hour  lecture.  Prerequisite:  225. 

257.  ROCKET  PROPELLANTS  I  (2) 

Major  characteristics  of  propellants  and  their  relation  to  rocket  design. 

266.  INTRODUCTION  TO  ADVANCED  FLUID  MECHANICS  CONCEPTS  I  (2) 

Basic  principles  and  mathematical  techniques  of  incompressible,  inviscid  flows. 
Properties  of  equations,  flows  about  simple  bodies.  Prerequisite:  121. 

267.  INTRODUCTION  TO  ADVANCED  FLUID  MECHANICS  CONCEPTS  II  (2) 

Continuation  of  266. 

268.  FLOW  PAST  HYDRO  AND  AERO  SHAPES 

Flow  past  thin  airfoils  using  distribution  of  sources  and  vortices.  Generation  of 
lift.  Flow  past  finite  wings.  Flow  past  slender  bodies  of  revolution. 

269.  WATER  WAVES  (2) 

Mechanics  of  fluid  motion  and  the  effects  on  surface  and  submerged  vehicles. 
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270.  PHYSICAL  PROPERTIES  FROM  THE  MOLECULAR  VIEWPOINT  (2) 

Microscopic  theories  of  deformation  and  fracture.  Electrical,  thermal,  and 
magnetic  properties  of  materials.  Two-hour  lecture.  Prerequisite:  15  or  equiva¬ 
lent. 

272.  VISCOUS  FLOW  THEORY  (2) 

Navier-Stokes  equations  with  Prandtl  boundary-layer  simplifications.  Exact  and 
approximate  for  incompressible  laminar  flow.  Prerequisites:  121  and  Applied 
Mathematics  130  or  equivalent. 

273.  VISCOUS  FLOW  THEORY  II  (2) 

Continuation  of  272.  Transition  and  turbulence. 

274.  VISCOUS  FLOW  THEORY  III  (2) 

Boundary  layers  in  compressible  flow,  including  effects  of  mass  addition,  dis¬ 
sociation,  and  chemical  reactions.  Prerequisite:  273. 

275.  TRANSIENT  HYDRAULIC  ANALYSIS  (2) 

Applications  of  fluid  mechanics  principles  to  transient  flow  in  piping  systems. 
Analysis  of  systems  containing  turbo  machinery.  Prerequisite:  121  and  familiarity 
with  Fortran  programming. 

276.  THE  NATURE  OF  TURBULENCE  (2) 

An  introduction  to  turbulence  phenomena,  parameters,  idealizations,  and  ap¬ 
proximate  methods  of  analysis.  Prerequisite:  142  or  equivalent. 

277.  DIMENSIONAL  ANALYSIS  AND  APPROXIMATION  THEORY  (2) 

Determination  of  governing  parameters  for  experimental  studies  and  model 
tests:  Buckingham’s  Pi  Theorem,  normalization  of  governing  equations  and 
boundary  conditions.  Order  of  magnitude  estimates  and  justification  for  simpli¬ 
fied  differential  equations. 

278.  INTRODUCTION  TO  HYPERSONIC  FLOW 

Approximate  and  exact  solutions  for  inviscid  flow  of  a  perfect  gas  or  real  gas 
in  equilibrium  around  two  dimensional  and  axisymmetric  bodies.  Prerequisite: 
266  series. 

280.  MAGNETOHYDRODYNAMICS  AND  PLASMA  PHYSICS  I  (2) 

Introduction  to  the  physical  principles  and  underlying  properties  of  electrically 
conducting  media.  Elements  of  electromagnetic  theory  and  the  dynamics  of 
charged  particles.  Thermodynamics  and  kinetic  theory  of  ionized  gases.  Debye 
shielding,  plasma  oscillations,  ionization  and  atomic  processes,  collisions,  and 
relaxation  times.  Prerequisite:  familiarity  with  electricity  and  magnetism. 
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281.  MAGNETOHYDRODYNAMICS  AND  PLASMA  PHYSICS  II  (2) 

Fluid  conservation  equations  for  conducting  media.  Transport  properties  and 
electrical  conduction  in  ionized  gases.  Simple  magnetohydrodynamic  flows  and 
magnetohydrodynamic  waves.  Elements  of  magnetohydrodynamic  stability.  Ap¬ 
plications  in  power  generation,  energy  conversion  and  propulsion.  Prerequisite: 
280. 

285.  FRICTION,  WEAR,  AND  LUBRICATION  (2) 

Analysis  of  liquid  and  gas  film  journal  and  thrust  bearings,  foil  and  hydrostatic 
bearings,  theory  of  friction,  frictional  behavior  of  materials,  wear. 

286.  HYDRODYNAMIC  LUBRICATION  (2) 

Reynolds  equation,  incompressible  slider  and  journal  bearings,  elasto-hydro- 
dynamic  lubrication,  disk  and  gear  lubrication,  numerical  methods,  fo.il  bearings, 
introduction  to  gas  bearings. 

287.  GAS  BEARINGS 

Analysis  of  forces,  motion  and  wear.  Special  design  considerations  relating  to 
foil  bearings. 

289.  INTRODUCTION  TO  ADVANCED  ENERGY  CONVERSION 

Emphasis  will  be  placed  on  fuel  cells,  unconventional  thermodynamic  cycles, 
including  cryogenic  concepts  and  MHD  energy  conversion. 

290.  ACCOUSTICS  AND  NOISE  CONTROL  (2) 

Methods  of  analysis  and  control  of  accoustical  vibrations. 

295.  SCIENCE,  SOCIETY  AND  SURVIVAL 

An  experimental  course  in  which  an  experienced  engineer  in  the  design  process 
will  examine  how  engineers  can  use  their  creativity  and  initiative  to  direct  tech¬ 
nology  so  that  it  will  remain  the  servant  rather  than  become  the  master  of 
mankind. 

297.  SEMINAR  (1  or  2) 

A  series  of  discrete  lectures  on  current  problems  and  progress  in  fields  related 
to  mechanical  engineering. 

298.  SPECIAL  PROBLEMS  (3  to  9  units) 

By  arrangement. 

299.  RESEARCH  M.S.  THESIS  (3  to  9  units) 

By  arrangement  with  the  Department. 
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PHYSICS 

The  following  courses  will  be  scheduled  in  conjunction  with  the  early-morning 
engineering  graduate  program. 

125.  ELEMENTARY  MODERN  PHYSICS  (2) 

Special  relativity.  Quantum  effects.  The  hydrogen  atom.  Many-electron  atoms. 
X-rays.  Nuclear  structure  and  nuclear  reactions. 

135.  PHYSICS  OF  SOLIDS  (2) 

The  crystalline  state.  Theories  of  specific  heat.  Metallic  lattices.  Dielectric 
properties  of  insulators.  Free-electron  theory  of  metals.  Prerequisite:  115  or 
equivalent. 

136.  PHYSICS  OF  SOLIDS  (2) 

Continuation  of  116A.  Band  theory  of  solids.  Electron  distribution  in  insulators. 
Nonpolar  semiconductors.  Rectifiers  and  transistors.  Diamagnetism  and  para¬ 
magnetism. 

145.  ATOMIC  PHYSICS  (2) 

Magnetic,  electrical,  and  optical  properties  of  atoms.  X-rays  and  X-ray  spectra. 
Optical  spectra.  Electron  spin  and  multiplet  spectra.  Prerequisites:  115  and 
180A. 

146.  NUCLEAR  PHYSICS  (2) 

Review  of  natural  and  artificial  radioactivity.  Detailed  study  of  alpha,  beta,  and 
gamma  decay.  Nuclear  forces  and  nuclear  structure.  Prerequisite:  125. 

155.  QUANTUM  MECHANICS  I  (2) 

The  Schrodinger  Equation.  Free  particle.  Linear  harmonic  oscillator.  Barrier 
problems.  General  methods  for  one-dimensional  problems.  Three-dimensional 
problems.  Prerequisite:  125. 

156.  QUANTUM  MECHANICS  II  (2) 

Time-independent  perturbation  theory.  Time-dependent  perturbation  theory. 
General  formulation  of  quantum  mechanics  and  applications.  Prerequisite:  180A. 
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UNIVERSITY  OFFICERS 
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ADVISORY  BOARDS 
BOARD  OF  REGENTS 

(terms  expire  in  the  years  indicated  in  parenthesis) 


Harold  J.  Toso,  Chairman  (1975) 
San  Francisco,  California 


Thomas  J.  Bannan  (1975) 

Los  Angeles,  California 

Edward  U.  Bevilacqua  (1976) 
Pleasanton,  California 
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John  B.  De  Maria  (1975) 
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Vance  C.  Mape  (1975) 

Menlo  Park,  California 
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Greenbrae,  California 
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Medford,  Oregon 
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Los  Gatos,  California 

F.  Fenton  O’Connell  (1974) 
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John  F.  O’Hara  (1975) 
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Fresno,  California 
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Santa  Barbara,  California 
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Michael  E.  Fox  (1974) 

Saratoga,  California 

Edward  A.  Lewis  (1975) 

San  Jose,  California 
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David  J.  McDonald  (1976) 
Palm  Springs,  California 

C.  Kenneth  James,  Jr.  (1972) 

Santa  Rosa,  California 

Harry  W.  McGowan  (1975) 
Chico,  California 
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Los  Angeles,  California 
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Donald  J.  Meyer  (1975) 

San  Jose,  California 
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Joseph  T.  Nally  (1976) 

Pasadena,  California 
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Montecito,  California 

Bernard  N.  Nemerov  (1973) 
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San  Jose,  California 
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Burlingame,  California 
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San  Ardo,  California 

Robert  U.  Skibinski  (1974) 
Los  Altos,  California 

Adon  V.  Panattoni  (1975) 
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Theodore  J.  Sousa  (19??) 
Saratoga,  California 

Edward  A.  Panelli  (1975) 

Saratoga,  California 

Irving  Souza  (1974) 

Santa  Maria,  California 

Elmo  W.  Pardini  (1975) 
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Louis  B.  Souza  (1976) 

Byron,  California 

Fess  Parker  (1975) 
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Patrick  Peabody  (1972) 

San  Jose,  California 
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San  Jose,  California 

Paul  E.  Potts  (1974) 
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Louis  G.  Tascano,  Jr.  (1977) 
Los  Banos,  California 

Joseph  Pugliese  (1974) 

San  Jose,  California 

Donald  A.  Tenenbaum  (1972) 
Saratoga,  California 

Joseph  R.  Quinn  (1974) 

Burlingame,  California 

John  G.  Thom  (1975) 

Los  Angeles,  California 
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Los  Angeles,  California 

Joseph  C.  Tobin  (1973) 

San  Marino,  California 
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Lecturer  in  Mechanical  Engineering 
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ROBERT  P.  CAREN  (1970) 

Lecturer  in  Mechanical  Engineering 

B.S.,  1953,  M.S.,  1954,  Ph.D.,  1961,  Ohio  State  University. 

SHU-PARK  CHAN  (1962) 

Professor  of  Electrical  Engineering;  Chairman,  Department  of  Electrical  Engineering 
B.S.,  1955,  Virginia  Military  Institute;  M.S.,  1957,  Ph.D.,  1963,  University  of  Illinois. 

EDWARD  K.  CHEN  (1970) 

Lecturer  in  Electrical  Engineering 

B.S.,  1967,  M.S.,  1969,  University  of  California. 

WEI  L.  CHEN 

Lecturer  in  Electrical  Engineering 

B.S.,  1963,  University  of  California  Berkeley;  M.S.,  1964,  San  Jose  State;  Ph.D.,  1969, 
University  of  California,  Los  Angeles. 
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DAH  YU  CHENG  (1969) 

Visiting  Associate  Professor  of  Mechanical  Engineering 

B.S.,  1957,  Cheng  Kung  University;  M.S.,  1961,  Ph.D.,  1965,  University  of  Minnesota. 

CHARLES  H.  CHICKS  (1964) 

Lecturer  in  Applied  Mathematics 

B.S.,  1953,  Linfield  College;  M.A.,  1956,  Ph.D.,  1960,  University  of  Oregon. 

FREDERICK  W.  CLEGG  (1970) 

Assistant  Professor  of  Electrical  Engineering 

B.S.,  1965,  Oakland  University;  M.S.,  1967,  Ph.D.,  1970,  Stanford  University. 

GEORGE  A.  CONDAS 

Lecturer  in  Electrical  Engineering 

M.A.,  1952,  University  of  California,  Berkeley. 

RAUL  J.  CONTI  (1966) 

Lecturer  in  Applied  Mathematics 

B.S.,  1950,  Escuela  de  Aviacion  Militar,  Argentina;  Aero.  Eng.,  1953,  Escuela  Superior 
de  Aerotecnica;  Ph.D.,  1965,  Stanford  University. 

NORMAN  A.  CYR  (1970) 

Lecturer  in  Engineering  Mechanics 

B.S.,  1949,  Gonzaga  University;  M.S.,  1950,  University  of  Washington;  Ph.D.,  1969, 
Stanford  University. 

WILLIAM  R.  DUNN,  JR.  (1969) 

Assistant  Professor  of  Electrical  Engineering 

A.B.,  1958,  University  of  California,  Berkeley;  M.S.E.E.,  1968,  Ph.D.,  1970,  University 
of  Santa  Clara. 


EUGENE  J.  FISHER  (1954) 

Registered  Professional  Engineer,  Associate  Professor  of  Mechanical  Engineering 
B.M.E.,  1950,  University  of  Santa  Clara;  M.S.,  1965,  Stanford  University. 


WADE  H.  FOY  (1964) 

Lecturer  in  Applied  Mathematics 

B.S.,  1946,  United  States  Naval  Academy;  B.E.E.,  1951,  North  Carolina  State  Uni¬ 
versity;  M.S.E.E.,  1955,  Massachusetts  Institute  of  Technology;  Ph.D.,  1962,  The 
Johns  Hopkins  University. 


HENRY  D.  FRIEDMAN  (1967) 

Lecturer  in  Applied  Mathematics 

B.S.,  1948,  Pennsylvania  State  University;  M.S.,  1950,  Columbia  University;  Ph.D., 
1953,  Pennsylvania  State  University. 
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ALAN  B.  GREBENE  (1969) 

Lecturer  in  Electrical  Engineering 

B.S.E.E.,  1961,  Roberts  College;  M.S.E.E.,  1963,  University  of  California,  Berkeley; 
Ph.D.,  1968,  Rensselaer  Polytechnic  Institute. 


FRANK  GREENE  (1969) 

Lecturer  in  Electrical  Engineering 

B.S.,  1961,  Washington  University;  M.S.,  1962,  Purdue  University;  Ph.D.,  1970,  Uni¬ 
versity  of  Santa  Clara. 


PRADEEP  GUPTA  (1969) 

Lecturer  in  Electrical  Engineering 

B.S.E.E.,  1964,  Indian  Institute  of  Technology,  Madras;  M.S.E.E.,  1966,  Ph.D.,  1969, 
Purdue  University. 


HENRY  V.  HAHNE  (1959) 

Professor  of  Civil  Engineering;  Chairman,  Department  of  Civil  Engineering 
Dipl.  Ing.,  1949,  Technische  Hochschule;  Ph.D.,  1954,  Stanford  University. 


WILLIAM  T.  HATLEY,  JR.  (1969) 

Lecturer  in  Applied  Mathematics 

B.A.,  1960,  Rice  University;  M.S.E.E.,  1964,  Ph.D.,  1968,  Stanford  University. 


TIMOTHY  J.  HEALY  (1966) 

Associate  Professor  of  Electrical  Engineering  and  Applied  Mathematics 

B.S.E.E.,  1958,  Seattle  University;  M.S.E.E.,  1959,  Stanford  University;  Ph.D.,  1966, 

University  of  Colorado. 


GEORGE  G.  HERZL  (1963) 

Lecturer  in  Mechanical  Engineering 

B.A.,  1949,  University  of  Zagreb,  Yugoslavia;  M.E.,  1952,  Israel  Institute  of  Tech¬ 
nology;  M.S.,  1958,  Stanford  University;  Ph.D.,  1962,  Technical  University,  Darmstadt, 
Germany. 

CHARLES  M.  HOGAN  (1969) 

Lecturer  in  Applied  Mathematics 

B.A.,  1964,  Princeton  University;  M.S.,  1966,  Ph.D.,  1969,  Stanford  University. 

MAMORU  INOUYE  (1962) 

Registered  Professional  Engineer,  Lecturer  in  Mechanical  Engineering. 

B.M.E.,  1952,  University  of  Santa  Clara;  M.S.,  1953,  Stanford  University. 

ROY  A.  JENSEN  (1968) 

Lecturer  in  Electrical  Engineering 

B.S.,  1957,  M.S.,  1958,  California  Institute  of  Technology. 
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A.  MORGAN  JOHNSON  (1968) 

Professor  of  Civil  Engineering 

B.S.,  1939,  M.S.,  1946,  Iowa  State  University;  Ph.D.,  1949,  Purdue  University. 
Registered  Professional  Engineer. 

HARMON  W.  JOHNSON  (1962) 

Lecturer  in  Electrical  Engineering 

B.S.E.E.,  1960,  University  of  Santa  Clara;  M.S.,  1961,  Stanford  University. 

MICHAEL  A.  KELLY 

Lecturer  in  Electrical  Engineering 

B.S.,  1959,  University  of  California,  Los  Angeles;  M.S.,  1963,  Brooklyn  Polytech; 
Ph.D.,  1968,  University  of  California,  Berkeley. 

GARY  KELSON 

Lecturer  in  Electrical  Engineering 

B.S.,  1966,  University  of  California,  Berkeley;  M.S.,  1968,  University  of  California, 
Berkeley. 

NORMAN  G.  KULGEIN  (1963) 

Lecturer  in  Mechanical  Engineering 

S.B.,  1955,  S.M.,  1956,  Massachusetts  Institute  of  Technology;  Ph.D.,  1960,  Harvard 
University. 

ROBERT  LAWRENCE 

Lecturer  in  Civil  Engineering 
B.S.,  1948,  San  Diego  State. 

TUCK  HOP  LEE  (1961) 

Lecturer  in  Electrical  Engineering 

B.S.,  1949,  University  of  Iowa;  M.S.,  1950,  Yale  University;  Ph.D.,  1958,  University 
of  Illinois. 

ROBERT  N.  LINEBARGER  (1965) 

Lecturer  in  Electrical  Engineering 

B.A.,  1958,  Brigham  Young  University;  M.S.,  1960,  University  of  Michigan;  Ph.D., 
1963,  Case  Western  Reserve  University. 

RALPH  LOVE  (1967) 

Lecturer  in  Electrical  Engineering 

B.S.,  1957,  Stanford  University;  M.S.,  1962,  Ph.D.,  1967,  University  of  California, 
Berkeley. 

DALE  R.  LUMB  (1969) 

Lecturer  in  Electrical  Engineering 

B.S.,  1958,  M.S.,  1959,  Ph.D.,  1962,  Kansas  State  University. 

KAY  MAGELBY  (1969) 

Lecturer  in  Electrical  Engineering 

B.S.E.E.,  1957,  University  of  Utah;  M.S.E.E.,  1960,  Ph.D.,  1964,  Stanford  University. 
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GERALD  E.  MARKLE  (1963) 

Professor  of  Engineering;  Director,  Computer  Center 

B.S.,  1936,  M.S.,  1938,  University  of  Detroit;  M.A.,  1940,  University  of  Michigan; 
Ph.D.,  1954,  Wayne  State  University. 

john  w.  McConnell  (1970) 

Lecturer  in  Electrical  Engineering 

B.S.,  1966,  M.S.,  1968,  University  of  California. 

EDWARD  R.  MEYER  (1968) 

Lecturer  in  Applied  Mathematics 

B.S.,  1963,  Northwestern  University;  M.S.,  1965,  University  of  Santa  Clara. 

SANJIT  MITRA  (1969) 

Lecturer  in  Electrical  Engineering 

B.S.,  1951,  Utkal  University;  M.S.,  1956,  Calcutta  University;  M.S.,  1960,  Ph.D.,  1962, 
University  of  California,  Berkeley. 

ROBERT  IAN  MURRAY  (1951) 

Registered  Professional  Engineer,  Associate  Professor  of  Mechanical  Engineering 
B.S.,  1949,  M.S.,  1951,  Stanford  University. 

HENRY  M.  MUSAL,  JR.  (1969) 

Lecturer  in  Electrical  Engineering 

B.S.,  1954,  M.S.E.E.,  1957,  Ph.D.,  1965,  Illinois  Institute  of  Technology. 


HENRY  P.  NETTESHEIM  (1947) 

Registered  Professional  Engineer,  Associate  Professor  of  Electrical  Engineering 
B.S.E.E.,  1946,  University  of  Wisconsin;  M.S.,  1951,  Stanford  University. 

WILMOT  J.  NICHOLSON  (1964) 

Lecturer  in  Civil  Engineering 
B.S.,  1936,  University  of  Santa  Clara. 

JOHN  O’HALLORAN 

Lecturer  in  Civil  Engineering 

B.S.,  1950,  University  of  San  Francisco 

B.S.,  1944,  M.E.,  1960,  Stanford  University. 

ROBERT  J.  PARDEN  (1954) 

Dean,  School  of  Engineering;  Registered  Professional  Engineer; 

Professor  of  Engineering 

B.S.M.E.,  1947,  M.S.,  1951,  Ph.D.,  1953,  State  University  of  Iowa. 

RICHARD  K.  PEFLEY  (1951) 

Registered  Professional  Engineer;  Professor  of  Mechanical  Engineering;  Chairman, 
Department  of  Mechanical  Engineering 
B.S.,  1944,  M.S.,  1951,  Stanford  University. 


78 


WILLIAM  J.  PERRY  (1968) 

Lecturer  in  Applied  Mathematics 

B.S.,  1949,  Stanford  University;  M.S.,  1950,  Stanford  University;  Ph.D.,  1957,  Penn¬ 
sylvania  State  University. 

JACK  A.  PETERSON  (1955) 

Registered  Professional  Engineer;  Associate  Professor  of  Electrical  Engineering 
B.S.E.E.,  1949,  M.S.E.E.,  1953,  University  of  Idaho. 

BERNARD  ROSS 

Lecturer  in  Civil  Engineering 

B.S.,  1957,  Cornell  University;  M.S.,  1959,  Stanford  University;  Ph.D.,  1965,  Stanford 
University. 

MICHEL  A.  SAAD  (1959) 

Registered  Professional  Engineer;  Professor  of  Mechanical  Engineering 

B.S.,  1949,  Alexandria  University;  M.S.,  1953,  Massachusetts  Institute  of  Technology; 

Ph.D.,  1956,  University  of  Michigan. 

PAUL  O.  SCHEIBE  (1962) 

Lecturer  in  Applied  Mathematics 

B.S.,  1958,  M.S.,  1959,  University  of  North  Dakota;  Ph.D.,  1963,  Stanford  University. 

DRAGOSLAV  D.  SILJAK  (1964) 

Professor  of  Electrical  Engineering 
Ph.D.,  1961,  University  of  Belgrade. 

OLNEY  SMITH  (1972) 

Lecturer  in  Civil  Engineering 

A. B.,  1942,  Syracuse  University;  LLB,  1948,  Columbia  and  Westminister  Law  Schools. 

ROBERT  E.  SMITH  (1962) 

Lecturer  in  Civil  Engineering 

B. S.,  1950,  Purdue  University;  M.S.,  1956,  Washington  University. 

EDWARD  H.  SNOW  (1969) 

Lecturer  in  Electrical  Engineering 
B.S.,  1958,  Ph.D.,  1963,  University  of  Utah. 

JEROME  G.  SOWUL  (1968) 

Lecturer  in  Applied  Mathematics 

B.S.,  1948,  M.S.,  1949,  University  of  Detroit. 

IRVING  STEIN  (1968) 

Lecturer  in  Electrical  Engineering 

B.S.,  1942,  Queens  College;  M.S.,  1949,  Stanford  University. 
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DONALD  L.  STRANDBURG  (1964) 

Lecturer  in  Physics 

B.S.,  1952,  Morningside  College;  Ph.D.,  1961,  State  University  of  Iowa. 


PETER  A.  SZEGO  (1970) 

Lecturer  in  Mechanical  Engineering 
B.S.,  1947,  Stanford  University. 

FRANK  E.  TALKE  (1969) 

Lecturer  in  Mechanical  Engineering 

Diplom-ing,  1965,  University  of  Stuttgart;  M.S.,  1966,  Ph.D.,  1968,  University  of 
California,  Berkeley. 

CLYDE  E.  TAYLOR  (1969) 

Lecturer  in  Mechanical  Engineering 
B.S.,  1952,  M.S.,  1953,  Stanford  University. 

LLOYD  A.  TAYLOR  (1969) 

Lecturer  in  Electrical  Engineering  . 

B.S.E.E.,  1961,  University  of  Idaho;  M.S.E.E.,  1964,  University  of  Southern  California. 

HAROLD  M.  TAPAY  (1950) 

Registered  Professional  Engineer,  Associate  Professor  of  Civil  Engineering 
B.A.S.,  1946,  University  of  British  Columbia;  M.S.,  1949,  University  of  Washington. 

GEORGE  J.  THALER  (1962) 

Lecturer  in  Electrical  Engineering 

B.E.,  1940,  Ph.D.,  1947,  The  Johns  Hopkins  University. 

FRANK  TUNG  (1969) 

Lecturer  in  Electrical  Engineering 

B.S.E.E.,  1961,  National  Taiwan  University;  M.S.E.E.,  1964,  Rice  University;  Ph.D., 
1968,  University  of  California,  Los  Angeles. 

ERNEST  A.  UNWIN  (1969) 

Lecturer  in  Applied  Mathematics 

B.S.E.E.,  1956,  University  of  British  Columbia;  M.S..  1960,  Ph.D.,  1967,  University 
of  Arizona. 


JOHN  R.  VIEGAS  (1968) 

Lecturer  in  Mechanical  Engineering 

B.S.,  1958,  M.S.,  1959,  Ph.D.,  1967,  Stanford  University. 

MARCEL  VINOKUR  (1965) 

Lecturer  in  Mechanical  Engineering 

B.S.,  1951,  Cornell  University;  Ph.D.,  1957,  Princeton  University. 
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LARRY  WEAR  (1969) 

Lecturer  in  Electrical  Engineering 

B.S.,  1962,  M.S.,  1963,  University  of  Washington;  Ph.D.,  1970,  University  of  Santa 
Clara. 

ROBERT  K.  WEDELL  (1968) 

Lecturer  in  Mechanical  Engineering 

B.S.,  1961,  University  of  California,  Berkeley;  M.S.,  1965,  University  of  Santa  Clara. 

STEIN  WEISSENBERGER  (1965) 

Associate  Professor  of  Mechanical  Engineering 

S.B.,  1960,  S.M.,  1960,  Massachusetts  Institute  of  Technology;  Ph.D.,  1965,  Stanford 
University. 

THOMAS  WHITNEY  (1967) 

Lecturer  in  Electrical  Engineering 

B.S.,  1961,  M.S.,  1962,  Ph.D.,  1964,  Iowa  State  University. 

JEREMY  WIRE 

Lecturer  in  Civil  Engineering 

B.S.,  1958,  Pomona  College;  M.S.,  1961,  University  of  California,  Los  Angeles. 

JAMES  P.  WOOLLEY 

Lecturer  in  Mechanical  Engineering 

B.S.,  1958,  University  of  California;  M.S.,  1964,  Stanford  University. 

RAYMOND  B.  YARBROUGH  (1963) 

Associate  Professor  of  Electrical  Engineering 

B.S.,  1959,  University  of  California,  Berkeley;  Ph.D.,  1963,  United  States  Naval 
Postgraduate  School. 

HANS  R.  ZULLIGER 

Lecturer  in  Mechanical  Engineering 

B.S.,  1959,  M.S.,  1964,  Ph.D.,  1970,  Stanford  University. 
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UNIVERSITY  FACULTY  AFFAIRS  BOARD 


Term  Expires 

Prof.  Mary  Emery  [Law)  . January  1974 

Prof.  Austin  Fagothey  ( Humanities )  . January  1974 

Prof.  Jerry  Kasner  [Law)  . January  1975 

Prof.  Charles  Louie  [Business)  . January  1974 

Prof.  Philip  McCormick  [Sciences)  . January  1975 

Prof.  Matthias  Meier  [Humanities)  . January  1975 

Prof.  Ian  Murray  [Engineering)  . January  1974 

Prof.  Marvin  Schroth  [Sciences)  . January  1974 

Prof.  Dragoslav  Siljak  ( Engineering )  . January  1975 

Prof.  Peter  Van  den  Dool  [Business) . January  1975 


FACULTY  GRIEVANCE  COMMITTEE 

School  of  Engineering 


Term  Expires 

Prof.  Eugene  Fisher . January  1974 

Prof.  Timothy  Healy . January  1975 

Prof.  Morgan  Johnson . January  1975 

Prof.  Ian  Murray . January  1974 

Prof.  Michel  Saad . January  1973 
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Applied  Mathematics  .  27 

Board  of  Directors,  Alumni  Association  .  73 

Board  of  Fellows  .  69 

Board  of  Regents .  68 

Board  of  Trustees  .  66 

Calendar .  4 

Campus  Map  . 8,  9 

Chaplain  .  26 

Civil  Engineering  Courses .  34 

Laboratories  .  13 

M.S.  Requirements  .  18 

Costs,  Student .  25 

Counseling  Services  .  26 

Data  Processing  Center .  16 

Degree  Requirements  . 18-19,20,21-23 

Engineer’s  Degree  .  20 

M.S.  in  Applied  Mathematics  .  20 

M.S.  in  Engineering  .  20 

Master  of  Science  Program  . 17-19 

Ph.D.  Program  .  21 

Electrical  Engineering,  Courses  .  41 

Laboratories .  14 

M.S.  Requirements  .  19 

Engineer’s  Degree  Program  .  20 

Engineering  Mechanics,  Courses  .  34 

Entrance  Requirements  . 17,20,21,24 

Engineer’s  Degree  Program  .  20 

Foreign  Students  .  24 

M.S.  in  Applied  Mathematics  .  20 

Master  of  Science  Program .  17 

Ph.D.  Program .  21 
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Expenses,  Student  .  ^ 

Facilities,  Engineering  .  13 

Faculty  .  74 

Fees,  Student  .  33 

Financial  Aids,  Loans .  25 

Scholarships  .  25 

Foreign  Students  .  24 

History,  University  .  3 

Housing  .  26 

Laboratories,  Engineering  . 13-16 

Loads  (per  term) .  24 

Loan  Funds  .  25 

Map,  Campus  . 3>  3 

Master  of  Science  in  Applied  Mathematics  .  20 

Master  of  Science  in  Engineering  .  20 

Master  of  Science  . 17-19 

Mathematics,  Applied, Courses .  27 

Mechanical  Engineering  Courses  .  57 

Laboratories .  15 

M.S.  Requirements  .  19 

Officers,  University .  66 

School  of  Engineering  .  67 

Ph.D.  Program,  Engineering  . 21-23 

Physics .  65 

Readmission  .  24 

Refunds,  Tuition  .  25 

Regents,  Board  of  .  38 

Regulations,  Academic  .  24 

Reinstatement  .  24 

Residence  Requirements,  Ph.D .  22 

Rights  Reserved  .  I3 

Student  Expenses .  25 

Student  Housing  .  26 

Transfer  of  Credit .  24 

Trustees,  Board  of .  68 

Tuition  and  Fees  .  25 

Refund  Schedule  .  25 

University  Officers  . 66,67 

Board  of  Trustees  .  88 
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